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ABSTRACT 


The  Ship  Research  Committee  (SRC)  ot  the  National  Research 
Council  provides  technical  services  covering  program 
recommendations , proposal  evaluations  and  project  advice  to 
the  interagency  Ship  Structure  Committee  (SSC) , composed  of 
representatives  from  the  U.S.  Coast  Guard,  the  Naval  Sea 
Systems  Command,  the  Military  Sealift  Command,  the  Maritime 
Administration,  the  American  Bureau  of  Shipping  and  the  U.S. 
Geological  Survey.  This  arrangement  requires  continuing 
interaction  among  the  SRC,  the  SSC,  the  contracting  agency 
and  the  project  investigators  to  assure  an  effective  program 
to  improve  ship  hull  structures  through  an  extension  of 
knowledge  of  materials,  fabrication  methods,  static  and 
dynamic  loading  and  response,  and  methods  of  analysis  and 
design.  This  report  contains  the  Ship  Research  Committee's 
recommended  research  program  for  five  years,  FY  1979-1983, 
with  11  specific  prospectuses  for  FY  1980.  Also  included  is 
a brief  review  of  24  active  and  12  recently  completed 
projects. 
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INTRODUCTION 


Organizational  and  Administrative  Matters 
Establishment  of  Committees 

Since  1946,  the  National  Research  Council* s Ship 
Research  Committee  (SRC)  and  its  predecessors  have  been 
rendering  technical  services  to  the  interagency  Ship 
Structure  Committee  (SSC)  in  developing  a continuing 
research  program,  sponsored  by  the  SSC  and  funded 
collectively  by  its  member  agencies,  to  determine  how  ship 
structures  can  be  improved  for  greater  safety  and  better 
performance  without  adverse  economic  effect. 

The  SSC  was  established  in  1946  upon  recommendation 
of  a Board  of  Investigation,  convened  by  order  of  the 
Secretary  of  the  Navy,  to  inquire  into  the  design  and 
methods  of  construction  of  welded  steel  merchant  vessels. 

As  that  investigation  was  brought  to  a close,  several 
unfinished  studies  and  a list  of  worthy  items  for  future 
investigation  remained.  The  Board  recommended  that  a 
continuing  organization  be  established  to  formulate  and 
coordinate  research  in  matters  pertaining  to  ship  structure. 
The  chart.  Figure  1,  which  follows,  shows  the  relationship 
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of  the  various  organizational  entities  involved  in  the  work 
of  the  SSC. 

Committee  Composition  and  Responsibilities 

The  SSC  is  composed  of  senior  officials,  one  each, 
from  the  U.S.  Coast  Guard,  the  Naval  Sea  Systems  Command, 
the  Military  Sealift  Command,  the  Maritime  Administration, 
the  American  Bureau  of  Shipping  and  the  U.S.  Geological 
Survey. 

The  SSC  formulates  policy  and  approves  program 
plans,  and  provides  financial  support  through  its  member 
agencies  for  the  research  program. 

Four  representatives  from  different  divisions 
within  each  agency  meet  periodically,  as  a Ship  Structure 
Subcommittee  (SSSC)  to  assure  achievement  of  program  goals 
and  to  evaluate  the  results  of  research  projects  in  terms  of 
ship  structural  design,  construction  and  operation. 

Members  of  the  SRC  and  its  advisory  groups  are 
selected  for  their  competence,  experience  and  expertise  in 
relevant  areas  from  academic,  governmental  and  industrial 
sources.  The  members  serve  as  individuals  contributing 
personal  knowledge  and  judgement  and  not  as  representatives 
of  organizations  in  which  they  are  employed  or  with  which 
they  may  be  associated.  The  SRC's  responsibilities  to  the 
SSC  are  to  assist  in  setting  technical  objectives;  define 
research  projects;  recommend  research  priorities;  evaluate 
proposals;  review  the  active  piojects,  including  progress 
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and  final  reports,  and  prepare  summaries  of  related  research 
work. 

In  order  to  respond  to  the  needs  of  the  USGS,  which 
became  a participating  agency  of  the  SSC  this  past  year, 
additional  members,  active  in  or  knowledgeable  about  the 
design  of  offshore  structures,  were  appointed  to  the  SRC  and 
each  of  its  Advisory  Groups. 

Research  Program  Development 

It  has  become  standard  procedure  to  have  an  annual 
joint  meeting  of  members  of  the  SRC,  the  sssc  and  the  Hull 
Structure  Committee  of  the  Society  of  Naval  Architects  and 
Marine  Engineers  (SNAME)  to  review  current  research  needs 
and  suggestions  for  future  research  projects.  Each  agency 
of  the  SSC  prepares  a memorandum  describing  its  discernment 
of  needed  research.  These  memoranda  are  provided  to  all 
participants  in  advance  of  the  meeting. 

At  the  1978  meeting,  a new  format  was  instituted 
aimed  at  enabling  an  exchange  of  ideas  regarding  research 
needs  among  the  agencies  represented.  These  discussions  did 
produce,  in  varying  degrees,  expressions  of  commonality  of 
each  agency’s  interests  in  the  research  needs.  Seven  panels 
were  set  up,  one  for  each  goal  in  the  five-year  plan,  with 
an  individual  representative  from  each  agency  assigned  to 
each  panel.  The  panels  met  in  a round-table  discussion  led 
off  by  a member  of  the  SRC.  The  panel  sessions  were  held 
consecutively  so  that  all  other  participants  could  observe 
and  join  the  discussion  as  appropriate.  A few  weeks  later. 
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a meeting  of  the  SRC,  3SC,  and  SSSC  was  held  at  which  the 
SRC  presented  its  preliminary  reactions  to  the  inputs  from 
the  joint  meeting  and  indicated  project  areas  for  which 
prospectuses  could  probably  be  developed. 

Project  Development 

The  suggestions  contained  in  these  meroranda,  those 
brought  out  at  the  joint  meetings,  those  generated  within 
the  SRC  and  its  Advisory  Groups  and  those  obtained  from 
other  sources  are  carefully  studied  for  applicability  to  the 
SSC  research  program  in  terms  of  need,  immediacy,  program 
continuity  and  likelihood  of  successful  and  meaningful 
completion.  A prospectus  is  drafted  by  the  appropriate  SRC 
Advisory  Group  for  each  of  the  research  projects  that  is 
considered  worthy  of  SSC  support.  These  are  reviewed  and 
ranked  by  the  SRC  and  included  in  an  annual  report  to  the 
SSC.  The  SSC  determines  which  projects  will  be  supported. 
The  prospectus  becomes  a part  of  the  Request  for  Proposal 
(RFP)  and  subsequently  a part  of  the  contract  document.  The 
RPP's  are  prepared  and  issued  through  the  cooperative  effort 
of  the  Naval  Ship  Engineering  Center,  which  provides 
technical  contract  administrative  support  services,  and  the 
USC3,  which  handles  the  actual  business  of  contracting.  The 
RFP's  go  to  research  laboratories,  universities,  shipyards, 
and  other  organizations  and  are  advertised  in  the  Commerce 
Business  Daily. 
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Proposal  Evaluation  Procedure 

Any  organization  interested  in  doing  work  submits  a 
proposal  and  an  estimated  cost.  The  USCG  Contracting  Office 
removes  the  cost  data  and  transmits  the  technical  data  in 
the  proposal  to  the  SRC  for  technical  evaluation  and  review. 

The  SRC  Executive  Secretary  verifies  that  no  SRC  or 
Advisory  Group  member  or  affiliated  company  is  represented 
in  the  proposals.  This  important  step  avoids  conflict  of 
interest.  The  SRC  chairman  selects  an  ad  hoc  proposal 
evaluation  committee  that  generally  consists  of  the  Chairmen 
of  the  SRC  and  the  pertinent  advisory  group,  two  or  three 
other  members  from  either  the  advisory  group  or  the  SRC,  the 
Secretary  of  the  SSC,  the  Contract  Officer's  representative 
and  frequently  one  or  two  SSC  liaison  members. 

The  proposals  are  evaluated  for  the  analysis  of  the 
problem,  the  proposed  solution,  the  assessment  of  the  scope 
of  the  effort  and  the  adequacy  of  the  organization  and 
personnel. 

After  the  evaluation  committee  judges  the  technical 
merit  of  the  proposals,  ranks  them,  and  comments  on  any 
shortcomings,  the  USCG  Contracting  Officer  forwards  the 
technical  evaluation  and  cost  data  to  the  SSC.  The  SSC 
considers  the  proposals  together  with  the  technical 
evaluation  and  costs,  and  sends  its  recommendations  to  the 
Contracting  Officer,  who,  following  routine  procurement 
practices,  then  awards  a contract. 
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Annual  Report  Summary 

SRC-SSC  research  activities  during  the  current  year 
are  covered  in  an  annual  report  by  status  and  progress 
reports  on  active  and  pending  projects  and  synoptic  reports 
on  research  projects  that  have  been  or  probably  will  be 
completed  during  the  current  year.  The  annual  report  also 
includes  the  SRC  recommendations  to  the  SSC  for  continued 
and  new  research  to  be  funded  during  the  ensuing  fiscal 
year. 

This,  the  latest  in  the  series  of  annual  reports, 
covers  research  activities  during  fiscal  year  1979,  sets 
forth  recommendations  for  the  SSC's  fiscal  year  1980 
research  program  and  outlines  a five-year  research  planning 
program. 

Five-year  Research  Program  Plan  Development 

A continuing  program  of  research  in  marine 
structures  must  be  guided  by  a perception  of  the  directions 
in  which  marine  activity  is  moving.  There  can  be  no  doubt 
that  marine-oriented  activity  is  and  will  continue  to 
increase  in  response  to  the  expanding  demands  of  society  for 
energy  and  materials.  The  past  decade  has  seen  a great 
change  in  the  character  of  ships.  The  trend  toward 
specialized  ship  types  is  one  aspect  of  the  change;  for 
example,  economies  resulting  from  large  size  have  produced 
half-million  deadweight-ton  tankers.  This  size  trend  is 
seen  also  in  3reat  Lakes  bulk  carriers  and  liquified  natural 
gas  (LN3)  ships.  Size  has  increased  rather  than  diminished 
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the  criticality  of  loads  and  structural  and  material 
responses.  The  need  to  be  able  to  predict  accurately  the 
nature,  occurrance  and  magnitude  of  loads  and  responses  is 
concommittantly  greater. 

New  concepts  on  the  drawing  boards;  for  example, 
those  associated  with  the  offshore  thermal  energy  conversion 
(OTEC)  platforms,  will  continue  to  challenge  the  designer 
with  structures  of  increasing  size  and  complexity. 
Furthermore,  as  the  need  to  explore  and  exploit  the 
resources  of  arctic  regions  and  northern  continental  shelves 
increases,  the  designers  of  ships  and  marine  structures  will 
have  to  be  able  to  deal  confidently  with  the  harsh 
environmental  conditions  associated  with  these  areas.  Data 
on  waves,  ice  conditions,  currents  and  the  computational  and 
modelling  techniques  to  translate  such  data  into  loads  are 
far  from  complete.  While  these  and  other  like 
considerations  are  not  new,  the  urgency  of  the  need  for 
precise  and  realistic  load  assessment  in  terms  of 
occurrence,  duration,  frequency  and  magnitude  is  more 
pressing. 

These  considerations  will  surely  be  debated  and 
placed  in  perspective  in  the  course  of  the  development  of  a 
20-year  plan  for  research  in  marine  structures  now  in 
progress. 

The  FY- 1980  program  and  the  associated  5-year  plan 
are  aimed  at  producing  developments  that  will  support  the 
emerging  needs  of  marine  development  as  best  they  can  now  be 
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perceived.  Some  of  the  specific  areas  addressed  in  the 
program  are  discussed  in  the  following  paragraphs. 

Vibration 

The  joint  SSC-SNAME  Vibration  Symposium  held  in 
October,  1978,  produced  eighteen  excellent  papers  covering 
the  field  of  ship  vibration  and  noise  from  the  standpoints 
of  the  researcher,  the  designer,  the  shipbuilder  and  the 
owner  and  crew.  The  proceedings  were  published  by  SNAME  and 
a critique  of  the  symposium  has  been  prepared  by  E.  Scott 
Dillon.  This  material  will  be  used  for  future  project 
planning  in  ship  vibration  research. 

The  SSC  work  on  propeller- induced  vibration 
received  a preliminary  unveiling  at  the  vibration  symposium 
in  the  form  of  a rather  detailed  approach  to  the  analysis  of 
propeller- induced  vibration  in  ship  design.  The  question  of 
future  research  in  this  field  will  be  taken  up  after  this 
project's  results  and  those  from  the  symposium  are  reviewed. 

A question  the  SSC  should  begin  considering  is  how 
far  to  go  in  supporting  research  into  propeller-induced 
vibratory  loads.  This  is  a field  in  which  the  Navy  at  its 
David  Taylor  Naval  ship  Research  and  Development  Center  and 
others,  notably  the  Davidson  Laboratory  at  Stevens  Institute 
of  Technology,  have  done  a great  deal  of  work.  And,  it 
apparently  continues  under  Navy  and  MARAD  support.  It  is 
suggested  that  there  may  be  good  reason  for  the  SSC  to 
concentrate  on  structural  vibratory  response  and  not  get  too 
deeply  involved  ..n  wake  and  propeller  interaction  in 
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connection  with  prediction  of  propeller-induced  vibratory 
loads.  This  and,  in  fact,  the  whole  matter  of  propeller 
vibration  research  might  well  be  a subject  for  consideration 
by  an  ad  hoc  group,  or  possibly  it  could  be  reviewed  in  the 
course  of  the  development  of  the  long-range  structural 
research  plan. 

The  response  of  the  hull  girder  in  springing  and 
the  vibration  associated  with  slamming  depends  strongly  on 
the  various  damping  characteristics.  Hydrodynamic  damping 
and  added  mass  have  been  extensively  modelled  but  the  effect 
of  forward  speed  is  as  yet  not  completely  accounted  for. 

Structural  and  cargo  damping  are  also  involved  and,  while 
these  are  believed  to  be  less  important  than  hydrodynamic 
damping,  little  has  been  done  to  quantify  their 

contributions.  | 

i 

i 

In  addition  to  wave  bending  moments  and  those  | 

induced  by  springing  and  slamming,  there  is  a class  of  loads  ; j 

i 1 

that  are  static  or  quasi-static  in  nature.  These  include  , j 

thermal  loads,  still-water  bending  moment  (SWBM)  and  the  ; 

ship's  induced  wave  bending  moment.  Fealistic  evaluation  of  i 

; Y 

the  strength  of  a ship  requires  that  the  magnitude  and  time  I 

phasing  of  these  loads  be  accounted  for.  The  correlation 
between  full-scale  stress  data  and  logbook  information  with 
respect  to  SWBM  is  poor.  Because  SWBM  is  basic  to  even  | 

t | 

first-order  approximations  of  total  bending  moment,  a means  S {<■ 

\ 

of  estimating  SWBM,  possibly  probabalistically , and  relating  j 

it  to  cargo-loading  patterns  is  needed.  | 

I 


i 

i 
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Arctic  Requirements 

Investigations  of  ice  loads  have  been,  and  continue 
to  be,  carried  out  by  the  USCG  and  MARAD.  The  results 
should  provide  a base  for  the  development  of  improved  ice- 
strengthening criteria.  These,  at  present,  are  arbitrary 
and  do  not  relate  ice-strengthening  requirements  to  expected 
ice  conditions  and  the  resulting  loads. 

To  support  the  expected  expansion  of  marine 
activity  into  arctic  regions,  a look  at  steels  used  in  non- 
marine  cold- weather  applications  to  see  what  might  be 
commercially  available  and  used  in  arctic  marine 
applications,  considering  fracture  toughness,  thickness 
range,  stress  levels  and  temperature  ranges  is  an  economical 
first  step. 

As  new  designs  and  the  technical  needs  of  new 
structures  introduce  new  materials,  new  problems  are 
anticipated.  It  is  true  that  no  steels  or  alloys  are 
developed  solely  for  ship  construction,  but  there  are 
abundant  technical  data  for  those  metals  in  commercial  use. 
However,  ship  construction  and  operation  impose  different 
types  of  loading  and  service  from  those  experienced  in  other 
applications,  therefore  there  may  be  a need  for  study  in 
some  particular  facet  of  the  use  of  these  steels.  For 
instance,  the  number  of  repetitions  of  stress  in  the  life  of 
a ship  on  the  North  Atlantic  may  be  very  high,  requiring  an 
understanding  of  the  high-cycle  fatigue  behavior  of  steels 
in  a moderately  corrosive  environment.  Likewise,  alloys  for 


12 


use  at  cryogenic  temperatures  are  coming  into  broader  use 
for  liquified  gas  carriers  suggesting  the  need  to  study 
fatigue  of  structures  constructed  of  these  materials. 

Fatigue 

Long-term  corrosion  fatigue  is  potentially  an 
important  consideration  in  the  design  of  offshore  drilling 
platforms.  Designers  of  these  platforms  need  50-year  high- 
cycle  corrosion  fatigue  data  in  sea-water  environments  that 
will  support  a long-term  design  life.  Because  of  the  long 
experimental  times  necessary  to  develop  107  to  10*  cycle 
dat..,  extrapolation  techniques  will  be  required. 

During  the  past  decade,  several  projects  have  been 
conducted  relating  to  the  fatigue  of  ship  structures.  Ship 
response  to  sea  motions  continues  to  be  studied  using 
computer  simulations  and  actual  measurements  on  instrumented 
SL-7  container3hips.  The  fatigue  behavior  of  ship  steels, 
weldments  and  fabricated  details  also  continues  to  be 
studied  in  a variety  of  programs.  Further  progress  in  the 
analysis  of  fatigue  behavior  requires  a coupling  of  ship 
response  to  sea  motions  with  the  materials  response  to 
cyclic  loads,  such  a coupling  is  the  fatigue-loads 
spectrum. 

Each  ship  has  a unique  spectrum  that  is  a function 
of  response  characteristics,  the  trade  route  (reflected  in 
time  spent  in  each  sea  state) , and  the  probable  speed, 
heading  and  cargo  loading  while  in  each  sea  state.  Given 
the  fatigue- loads  spectrum,  a stress  spectrum  applicable  to 
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a given  location  and  joint  detail  can  be  calculated  using  a 
transfer  function  determined  by  finite-element  analysis  of 
the  ship  structure.  The  stress  spectrum  and  fatigue  data  on 
ship  steels  can  be  analyzed  using  cumulative  damage  and 
crack-growth  models  tn  assess  the  anticipated  fatigue 
behavior  of  the  particular  location. 

Conceptually,  a fatigue-load  spectrum  can  be 

developed  for  each  ship  and  trade  route,  and  stresses  at 

* 

locations  of  interest,  fatigue-control  spots,  can  be 
determined  to  derive  stress  spectra  for  the  fatigue 
analysis.  Work  now  in  progress  should  show  how  close  this 
concept  is  to  reality  and  indicate  the  direction  future  work 
should  take. 

The  rate  of  loading,  or  strain  rate,  is  an 
important  parameter  in  determining  the  fracture  toughness  of 
a ship  structure  at  a given  temperature.  Strain  rates 
experienced  in  the  hull  girders  of  ships  caused  by  wave 
bending,  springing  and  slamming  have  been  estimated  and 
inferred,  but  little  actual  measured  data  are  available. 

This  information  is  needed  to  establish  the  correlation 
between  laboratory  fracture-toughness  tests  and  material 
performance  in  ships. 

Fracture  criteria  remains  a field  that  resists 
satisfactory  quantification,  yet  it  is  a basic  consideration 
in  design.  Because  notch  toughness  is  an  expensive 
characteristic  to  provide,  the  designer  needs  a meaningful 
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measure  of  notch  toughness  that  he  can  relate  to  actual 
structures,  loads  and  operating  temperatures.  In-depth 
evaluation  of  fracture  criteria  for  ships  and  marine 
structures  therefore  needs  to  be  continued. 

A bothersome  phenomenon  that  occurs  in  laboratory 
tests  of  some  steels  is  cleavage  ’'pop-in.1’  ”Pop-in"  is  a 
localized  rapid  crack  propagation  or  burst  that  is  arrested 
short  of  full  fracture.  It  is  often  considered  the  failure 
point  even  though  the  load  increases  beyond  the  point  of 
pop- in  before  complete  failure.  This  behavior  contributes 
to  data  scatter  and  may  result  in  undue  conservatism  in  the 
application  of  fracture-toughness  criteria. 

Collision.  Stranding  and  Drydoekincr 

A survey  of  actual  ship  collisions  has  produced 
virtually  no  useful  data  to  verify  theoretical  models  of  the 
phenomenon.  The  USCG  has  a comprehensive  plan  for  research 
in  this  field,  including  model  and  full-scale  tests.  This 
work  will  be  followed  with  new  initiatives  proposed  by  the 
SRC  to  assist  or  supplement  the  work  as  it  progresses. 

While  encounters  with  extreme  or  ’’episodic"  waves 
occur  infrequently,  the  results  are  always  disasterous. 

And,  in  the  case  of  large  tankers,  pose  such  a threat  to  the 
environment  that  an  understanding  of  these  occurrences  is 
clearly  important.  Surveying  the  history  of  damage  by  large 
waves  and  identifying  the  locations  and  conditions  under 
which  they  occur  may  suggest  if  research  needs  to  be  done. 

It  is  likely  that  designing  a ship  structure  rugged  enough 
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to  withstand  such  waves  would  be  impractical.  In  any  case, 
means  for  predicting  the  occurrence,  location  and  duration 
of  exteme  waves  is  required  for  purposes  of  avoidance. 

The  stranding  and  loss  of  the  ARCO  MERCHANT  off 
Cape  Cod  and  the  AMOCO  CADIZ  off  the  French  coast 
highlighted  the  desire  of  the  USCG  for  development  of  a 
model  and  computer  program  to  aid  in  assessing  the  damaged 
stability  and  strength  of  a stranded  ship  and  in  eotimating 
the  loads  on  it.  This  is  a complex  problem  and  a general 
solution  may  prove  impractical.  However,  the  value  of  such 
a tool  to  help  in  making  on-scene  decisions  about  off 
loading,  refloating,  etc.,  makes  even  a partial  solution 
attractive.  Th*s  work  was  originally  recommended  in  a 
single  FY-1979  prospectus  that  included  drydocking  as  well. 
In  the  course  of  the  program  review  by  the  SSC,  it  was 
decided  to  create  two  separate  projects,  one,  a computer- 
aided  procedure  for  ship  grounding  calculations,  and  the 
other  a computer-aided  procedure  for  drydocking 
calculations. 

Verification 

While  the  results  from  a project  to  correlate 
computed  and  measured  primary  hull  bending  stresses  for  the 
SL-7  containerships  showed  reasonably  good  agreement,  the 
change  in  hull  shape  above  and  below  the  still  waterline, 
not  accounted  for  in  existing  methods,  turned  out  to  be 
important  and  had  to  be  approximated  arbitrarily.  It  now 
appears  feasible  to  study  means  of  treating  this  nonlinear 
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problem  of  shape  change.  A farther  opportunity  to  verify 
theory  and  computational  methods  by  comparison  with  measured 
data  will  be  afforded  by  work  now  underway  by  the  USCG 
aboard  the  Great  Lakes  bulk  carrier  M/V  S.J.  CORT.  The 
full-scale  measurements  of  stress,  pressure  and  wave 
conditions  will  be  compared  with  measurements  in  model  scale 
as  well  as  with  calculated  values. 

Five-Year  Research  Program  Plan 

The  five-year  research  planning  program  in  Table  I 
builds  upon  current  activities  and  places  them  in 
perspective  with  contemplated  work  in  various  project  areas 
during  the  next  four  y^ars.  The  project  areas  are 
classified  under  the  following  seven  goals  of  the  SSC: 

Advanced  Concepts  and  Long-Range  Planning 

Loads  Criteria 

Response  Criteria 

Materials  Criteria 

Fabrication  Techniques 

Determination  of  Success/Failure  Criteria 
(Reliability) 

Design  Methods 

Work  in  each  of  these  areas  includes  adequate 
verification  procedures  to  assure  that  sound  recommendations 
are  made.  The  thrust  is  to  expand  the  existing  base  of 
knowledge  in  each  area  that  will  result  in  design  methods, 
fabrication  procedures  and  materials  for  safer  and  more 
efficient  ships. 

It  is  intended  that  the  program  be  dynamic  and 
flexible  in  that  it  can  be  modified  and  redirected  to  be 
responsive  to  changing  circumstances. 


TABLE  1 
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Develop  analytical  pro-  Consider  requirements 

cedures  for  low-energy  for  inspection  after 

collision  l grounding  low-energy  collision 

including  studies  by  and  grounding.""" 

ship  type. 
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ADVANCED  METHOD  FOR  SHIP-MOTION  SRC  Priority  1 

AND  WAVE- LOAD  PREDICTIONS 

Long-Range  Goal:  Loads  Criteria 

BACKGROUND 

The  phenomena  of  bow-flare  impact,  slamming  and  the 
shipping  of  water  on  deck  are  not  adequately  handled  by 
existing  linearized  ship  motion  theory,  which  assumes  that 
motions  are  small  and  that  the  ship  is  Mwall-sidedK  above 
and  below  the  still  waterline.  Model  test  results  have 
exhibited  a nonlinear  relationship  between  wave  loads  and 
wave  heights.  This  nonlinear  phenomenon  may  result  in  part 
from  changes  in  hull  form  shapes  above  and  below  the  still 
waterline  for  large  relative  motions  between  ship  and  wave. 

Previous  attempts  to  account  for  hull  form  shape 
above  the  still  waterline,  such  as  SSC-231,  Further  Studies 
of  Computer  Simulation  of  Slamming  and  Other  Wave-Induced 
Vibratory  Structural  Loadings  on  Ships  in  Waves  have 
exploited  various  aspects  of  strip  theory  but  have  yielded 
only  the  resultant  load  on  each  section.  In  order  to 
adequately  predict  distributed  hydrodynamic  pressure  loads 
on  the  instantaneous  wetted  surface,  a closer  lc.ok  at  the 
flow  at  the  affected  sections  is  required.  Account  should 
be  taken  of  the  actual  hydrodynamics,  including  the  exact 
body  boundary  condition.  The  breakdown  of  the  free  surface 
into  spray  sheets  is  difficult  to  handle  numerically  and 
does  not  constitute  the  most  serious  aspect  of  the  loading. 
Hence  some  form  of  linearization  of  the  Iree  surface 


32 


MAN-HOURS 

First  Year 

- 

2000 

(approved  June  2,  1*977} 

Second  Year 

- 

3000 

(approved  June  6#  1978) 

Third  Year 

- 

3000 

31 


SR- 1256,  "INVESTIGATION  OF  STEELS  FOR  SRC  Priority  0 

IMPROVED  WELDABILITY  IN  SHIP  CONSTRUCTION" 

Long-Range  Goals  Fabrication  Techniques 

BACKGROUND 

Domestically,  experimental  work  on  electroslag  and 
electrogas  welding  for  marine  applications  has  identified 
the  need  for  an  improved  ship  hull  steel  that  would  have 
minimal  tendencies  for  degradation  of  the  heat-affected- zone 
(HAZ)  and  weld-metal  properties.  Related  work  is  directed 
toward  preserving  HAZ  toughness  in  steels  for  service 
temperatures  to  approximately  -50°C.  Weldments  that  use 
higher  deposition  rate  welding  practices  in  low-sulfur  and 
sulfide- shape- controlled  plate  steels  are  being  evaluated. 
The  SSC  now  has  an  on-going  three-year  project  to 
investigate  the  additional  metallurgical  control  that 
appears  necessary  for  minimizing  degradation  of  HAZ  and 
weld-metal  properties.  Since  only  two  years  of  work  have 
been  authorized,  additional  funding  and  authorization  are 
required  to  continue  the  work  through  the  third  year, 
OBJECTIVE 

The  objective  of  this  study  is  to  examine  the 
metallurgical  factors  affecting  the  weldability  of  steels 
and  to  select  the  optimum  materials  and  welding  parameters 
to  provide  improved  resistance  to  degradation  of  the  heat- 
affected-zone  properties  in  weldments  made  with  high- 
deposition  rate  processes. 
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MAN-HOURS 

First  Year 

— 

2000 

(approved  June 

2 9 

1977} 

Second  Year 

- 

3000 

(approved  June 

6, 

1978) 

Third  Year 

- 

3000 
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ADVANCED  METHOD  FOR  SHIP-MOTION  SRC  Priority  1 

AND  WAVE-LOAD  PREDICTIONS 

Long-Range  Soal:  Loads  Criteria 

BACKGROUND 

The  phenomena  of  bow-flare  impact,  slamming  and  the 
shipping  of  water  on  deck  are  not  adequately  handled  by 
existing  linearized  ship  motion  theory,  which  assumes  that 
motions  are  small  and  that  the  ship  is  "wall-sided15  above 
and  below  the  still  waterline.  Model  test  results  have 
exhibited  a nonlinear  relationship  between  wave  loads  and 
wave  heights.  This  nonlinear  phenomenon  may  result  in  part 
from  changes  in  hull  form  shapes  above  and  below  the  still 
waterline  for  large  relative  motions  between  ship  and  wave. 

Previous  attempts  to  account  for  hull  form  shape 
above  the  still  waterline,  such  as  SSC-231,  Further  Studies 
of  Computer  Simulation  of  Slamming  and  Other  Wave-Induced 
Vibratory  Structural  Loadings  on  Ships  in  Waves  have 
exploited  various  aspects  of  strip  theory  but  have  yielded 
only  the  resultant  load  on  each  section.  In  order  to 
adequately  predict  distributed  hydrodynamic  pressure  loads 
on  the  instantaneous  wetted  surface,  a closer  look  at  the 
flow  at  the  affected  sections  is  required.  Account  should 
be  taken  of  the  actual  hydrodynamics,  including  the  exact 
body  boundary  condition.  The  breakdown  of  the  free  surface 
into  spray  sheets  is  difficult  to  handle  numerically  and 
does  not  constitute  the  most  serious  aspect  of  the  loading. 
Hence  some  form  of  linearization  of  the  free  surface 


34 


boundary  condition  on  the  actual  body  shape  may  be 
acceptable.  The  importance  of  viscosity  depends  on  the 
section  shape  and  the  mode  of  motion.  Except  for 
computational  stability,  viscous  effects  should  not  be 
particularly  important  for  finite  vertical  motions  of 
typical  ship  sections.  Lateral  motions,  however,  may 
involve  significant  vortex  formation  and  a large  increase  in 
damping. 

There  are  a number  of  numerical  procedures 
potentially  capable  of  analyzing  the  distributed  load  in  the 
time  domain  (Ref.  1) . Hydrodynamic  finite-element  methods 
offer  the  greatest  flexibility  but  require  large  amounts  of 
machine  time  and  sophistication  of  the  user.  A two- 
dimensional  numerical  method  has  beer  proposed  by  Chapman 
(Ref.  2).  The  body  boundary  condition  is  solved  exactly  and 
the  linearized  free  surface  is  represented  by  a spectrum  of 
wave  potentials.  A procedure  such  as  this  could  be  coupled 
with  the  lumped  parameter  methods  described  in  SSC-231  (Ref. 
3)  to  provide  estimates  of  large  amplitude  motions  and 
distributed  loads.  Note  that  any  other  appropriate  method 
proposed  by  the  contractor  will  be  considered. 

OBJECTIVE 

The  objective  of  the  study  is  to  develop  a method 
and  appropriate  computer  program  for  predicting  ship  motions 
and  the  distributed  wave  loads  accounting  for  the  hull  form 
shape  above  and  below  the  still  waterline. 


35 


WORK  SCOPE 

The  following  phases  are  considered  essential  to 
meet  the  objective: 

PHASE  I;  Model  Formulation 

Formulate  the  hydrodynamic  model  and  the 
calculation  procedure,  clearly  defining  the  likely  range  of 
applicability  of  the  method. 

PHASE  II: Computer  Program 

1.  Develop  a computer  program  and  test  it  against 
selected  theoretical  and  experimental  models.  The  program 
should  be  designed  to  facilitate  movement  to  a different 
computer  system. 

2.  Provide  a user*s  manual  including  a test  case 
and  a list  of  all  machine  dependent  coding  and  options. 
REFERENCES 

1.  Chapman,  R.;  "Survey  of  Numerical  Solutions  for  Ship 
Free- Surface  Problems,"  Proceeding  of  second 
International  Conference  on  Numerical  Ship 
Hydrodynamics.  University  of  California,  Berkeley, 
September  1977. 

2.  Chapman,  R.:  "Large  Amplitude  Transient  Motion  of  Two- 
Dimensional  Floating  Bodies,"  Journal  of  Ship  Research, 
to  be  published  in  Spring,  1979. 

3.  Kaplan,  P.  and  Sargent,  T.P.:  Further  Studies  of 
?OD3£ute r Simulation  of  Slamming  and  Other  Wave-Induced 
Vibratory  Structural  Loadings  on  Ships  in  Waves.  Ship 
Structure  Committee  Report  SSC-231,  1972. 
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MAN  HOURS 

First  year  Phase  Is 
Second  year  Phase  III 


1500 

2500 
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LONG-TERM  CORROSION  FATIGUE  OF  WELDED  SRC  Priority  2 

MARINE  STEELS 

Long-Range  Goal:  Materials  Criteria 
BACKGROUND 

A prominent  feature  of  the  offshore  environment  is 
the  cyclic  loading  imposed  on  structures  by  wave  action, 
with  the  result  that  corrosion  fatigue  is  a failure  mode 
which  must  be  considered  by  designers.  This  has.  long  been 
recognized  in  the  design  of  ships,  offshore  oil  drilling 
platforms,  and  other  marine  structures  of  welded  steel.  The 
principal  impact  has  been  a restraint  on  effective  use  of 
high-strength  steels,  and  the  imposition  of  fracture-control 
plans  involving  design  details,  redundant  structures, 
enhanced  notch  toughness,  and  inspection.  Particular 
attention  must  be  paid  to  welded  joints  and  to  local  stress 
concentration  factors. 

However,  as  designers  of  offshore  platforms  move 
from  familiar  Gulf  of  Mexico  applications  to  deeper  water 
and  harsher  environments,  they  find  that  fatigue 
calculations  for  20  to  50  years  design  life  (with  a suitable 
safety  factor)  depend  strongly  on  fatigue  data  in  the  range 
of  107  to  IQ9  cycles  to  failure,  particularly  data  obtained 
from  large  welded  specimens  with  realistic  sea-water 
environment,,  eye  lie- loading  rate,  and  temperature  control. 
Such  data  are  very  scarce,  with  most  data  over  107  cycles 
coming  from  accelerated  tests  of  small  specimens.  Various 
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interpretations  and  extrapolations  of  available  data  lead  to 
order  of  magnitude  differences  in  calculated  fatigue  life. 

Research  in  this  area  should  improve  reliability 
and  cost  effectiveness  of  a wide  variety  of  marine 
structures — including  deepwater  ports,  offshore  energy 
systems,  floating  vessels,  risers,  ocean  mining,  artificial 
islands,  communications,  navigation,  aquaculture,  and 
seafloor  facilities,  as  well  as  fixed  platforms. 

OBJECTIVE 

The  objective  of  the  proposed  research  is  to  define 
and  evaluate  currently  available  technology  for  assessing 
the  long-life  corrosion  fatigue  behavior  of  welded  joints  in 
sea  water;  and  to  develop  a plan  for  long-term  future 
efforts,  if  required. 

WORK  SCOPE 

The  following  tasks  are  considered  essential  in 
meeting  the  objective: 

a)  Review  current  literature,  and  synthesize 
these  data  into  a statement  of  current  knowledge  in  the 
objective  area.  Particular  emphasis  shall  be  placed  on 
obtaining  and  digesting  data  from  the  massive  UK-ECSC 
Offshore  steels  Research  Project,  as  well  as  the  recent 
review  of  corrosion  fatigue  of  tubular  joints  by  Battelle, 
and  continuing  API-sponsored  work. 

b)  Identify  one  or  more  candidate  design/analysis 
procedures,  for  example,  crack  initiation  and  propagation 
using  a fracture  mechanics  approach. 
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c)  Check  each  procedure  against  the  available 
test  data  for  realistic  welded  joints  used  to  project  the 
behavior  of  prototype  structures  in  the  marine  environment. 

d)  Thoroughly  investigate,  from  the  standpoint  of 
reliability,  sensitivity  of  such  projections  to  inherent 
data  variability,  different  interpretations,  and  various 
parameters  which  must  be  assumed  or  supplied  by  the  analyst. 

e)  Analyze  existing  vessels  or  marine  structures 
having  long  or  otherwise  significant  service  histories  to 
further  calibrate  or  validate  the  proposed  design 
procedures. 

f)  Develop  a long-term  plan  in  detail.  This  plan 
shall  describe  the  types  of  tests  needed,  how  the  data  will 
be  applied  to  design,  and  how  its  reliability  will  be 
established.  Estimates  of  time,  cost,  and  benefits  shall 
also  be  made. 

MAN-HOURS 

First  Year  - 2000 


Second  Year  - 2000 
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SL-7  PROGRAM  SUMMARY,  SRC  Priority  3 

CONCLUSIONS  AND  RECOMMENDATIONS 

Long-Range  Goal;  Response  Criteria 

BACKGROUND 

The  Ship  Structure  Committee  was  presented  with  the 
opportunity  in  1971  to  cooperate  with  the  American  Bureau  of 
Shipping  and  Sea- Land  Service,  Inc.,  in  a program  of 
instrumentation,  data  collection  and  data  analysis  on  a 
class  of  modern  high-speed  containerships,  the  S.S.  SEA-LAND 
MCLEAN,  and  Class.  A less  comprehensive  study  was  carried 
out  on  the  S.S.  BOSTON  in  a previous  SSC  research  program 
directed  toward  the  accumulation  of  full-scale  seaways- 
induced  loading  data. 

The  goal  of  the  program  has  been  to  advance 
understanding  of  the  performance  of  ships*  hull  structures 
and  the  effectiveness  of  the  analytical  and  experimental 
methods  used  in  their  design.  While  the  experiments  and 
analyses  of  the  program  were  keyed  to  the  SL-7  containership 
and  a considerable  body  of  data  were  developed  relating 
specifically  to  that  ship,  the  conclusions  of  the  program 
are  completely  general,  and  thus  applicable  to  any  surface 
ship  structure.  The  program  included  measurement  of  hull 
stresses,  accelerations  and  environmental  and  operating  data 
on  the  S.S.  SEA- LAND  ICLEAN,  development  and  installation  of 
a microwave  radar  wavemeter  for  measuring  the  seaway 
encountered  by  the  vessel,  a wave-tank  model  study  and  a 
theoretical  hydrodynamic  analysis  which  relate  to  the  wave- 
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induced  loads,  a structural-model  study  and  a finite-elenent 
structural  analysis  which  relate  to  the  structural  response, 
and  installation  of  long-term  stress  recorders  on  each  of 
the  eight  vessels  of  the  class. 

Results  of  each  of  the  program  elements  have  been  ' 
or  will  be  published  as  Ship  Structure  Committee  reports  and 
each  of  the  reports  relating  to  this  program  will  be 
identified  by  an  SL-designation  along  with  the  usual  SSC- 
number.  With  the  exception  of  continuing  scratch-gage 
measurements,  the  instrumentation  and  data  analysis  program 
is  complete. 

OBJECTIVE 

The  objective  of  this  study  is  to  conduct  a general 
review  and  evaluation  of  the  plans,  procedures,  results  and 
accomplishments  of  the  SL-7  program. 

WORK  SCOPE 

The  following  tasks  are  considered  essential  to  the 

study: 

(1)  Review  all  SL-7  reports,  as  published  by  SSC, 
NTIS,  SNAME  and  the  University  of  California, 
Berkeley. 

(2)  Summarize  and  evaluate  the  SL-7  program  with 
respect  to  the  following  topics: 

a)  Ship  motion  measurement  and  prediction 

b)  Load  measurement  and  prediction 

c)  Stress  measurement  and  prediction 

d)  Determination  of  strain  rates 
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e)  Methods  of  statistical  evaluation  of  data 

(3)  Interview  all  program  sponsors  to  obtain  their 
respective  evaluations  of  program  goals  and 
accomplishments. 

(4)  Recommend  further  analysis  of  program  results 
for  future  applications. 

MAN-HOURS 


1000 
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SRC  Priority  4 


STEELS  FOR  MARINE  STRUCTURES 
IN  ARCTIC  ENVIRONMENTS 

Long-Range  Goal:  Materials  Criteria 

BACKGROUND 

The  development  of  resources  in  arctic  regions  will 
soon  require  marine  structures  capable  of  withstanding 
combinations  of  very  low  temperature,  high  stress  and 
fatigue.  For  such  structures  to  be  designed  with  some 
degree  of  confidence,  reliable  information  on  materials  and 
environment  is  required. 

OBJECTIVE 

The  objective  is  to  evaluate  research  reports  and 
other  literature  on  material  selection,  fabrication 
techniques  and  material  reliability  on  non-marine  cold- 
weather  applications  as  to  the  usefulness  of  these  materials 
and  techniques  for  marine  structures  in  an  arctic 
environment. 

WORK  SCOPE 

The  fol  lowing  topics  should  be  considered  while 
conducting  the  review  and  evaluation: 

1.  The  temperature  range  which  a marine  structure 
must  withstand,  within  the  areas  where  such 
structures  might  be  erected. 

2.  The  mechanical  properties  of  a series  of 
candidate  steels  to  be  used  within  this 
temperature  range,  with  particular  emphasis  on 
fracture  toughness  and  fatigue. 
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3.  The  maximum  thickness  of  steel  that  can  be 
employed  in  welded  structures  at  the  design 
temperature. 

4.  The  mechanical  properties  of  weld  metal  that 
can  be  used  with  candidate  steels  at  the 
design  temperature. 

5.  The  fracture  criteria  that  should  be  used  for 
such  structures. 

6.  The  combinations  of  steels,  welding  rods  and 
thickness  for  marine  structures  in  arctic 
environments  and  temperature  limits  within 
which  each  combination  can  be  used. 

7.  Identify  the  need  for  improved  materials  and 
welding  procedures  for  arctic  marine 
applications. 

MAN- HOURS 


1500 
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FRACTURE  CONTROL  FOR  OFFSHORE  STRUCTURES  SRC  Priority  5 

Long-Range  Goal:  Materials  Criteria 

BACKGROUND 

A fracture-control  plan  may  be  defined  as  a plan  by 
which  design  options,  materials  selection,  fabrication 
control,  and  inspection  procedures  are  integrated  into  a 
consistent  strategy,  with  the  goal  of  preventing  failure  by 
fracture  in  service  of  welded  structures.  , 

In  the  case  of  fixed  offshore  platforms,  this  goal 
is  achieved  through  the  use  of  redundant  structure,  the 
selection  of  materials  with  enhanced  notch  toughness  and 
improved  through- thickness  properties  for  critical 
locations,  fabrication  quality  control,  and  in-service 
inspection.  To  a large  extent,  these  measures  fall  in  the 
domain  of  customary  practice,  with  some  attendant  variation 
from  company  to  company,  and  from  region  to  region. 

OBJECTIVE 

The  objective  of  this  study  is  to  produce  a summary 
of  the  technology  and  practices  that  constitute  the 
fracture-control  plans  used  by  designers,  builders  and 
operators  of  offshore  structures. 

WORK  SCOPE 

The  following  tasks  are  considered  essential  in 
summarizing  the  fracture- control  plans: 

a)  Contact  knowledgeable  designers,  fabricators, 
and  operators  of  offshore  structures  for 
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descriptions  of  their  current  fracture-control 
practices. 

b)  Review  pertinent  U.S.  and  foreign  literature. 

c)  identify  the  essential  elements  of  a fracture- 
control  plan. 

d)  Identify  areas  where  existing  technology  would 
suggest  cost-effective  improvements  in  current 
practice. 

e)  Identify  areas  where  further  research  is 
needed. 

MAN-HOURS 


1500 
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SHIP  STRUCTURE  LOADING  IN  EXTREME  WAVES  SRC  Priority  6 

Long-Range  Goal:  Loads  Criteria 

BACKGROUND 

Numerous  ships  have  been  severely  damaged  or  lost 
through  structural  failure  caused  by  encounter  with  an 
episodic  wave  of  extreme  height  and  force.  There  is  need  of 
better  understanding  of  the  behavior  of  ships  hull 
structures  under  such  conditions.  Research  is  underway  on 
the  ultimate  strength  of  ships  structural  elements  under 
collapse  loads.  However,  there  is  now  no  understanding  of 
how  these  extreme  waves  load  the  ship*s  structure.  It  is 
important  to  know  whether  the  critical  problem  is  one  of 
hull  girder  failure,  extreme  bow  slamming,  "green  water”  on 
deck,  superstructure  damage,  or  some  other  phenomenon. 
OBJECTIVE 

The  objective  is  to  understand  the  possibility  of  a 
ship  encountering  some  kinds  of  extreme  waves  and  to 
understand  the  significance  of  this  in  ship  structural 
design. 

WORK  SCOPE 

The  following  tasks  are  to  be  considered  in  meeting 
the  objective: 

1.  Survey  published  data  world-wide  about  these 
occurrences. 

2.  Consult  classification  societies,  marine 
insurers  and  salvors,  owners,  government 
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agencies  and  any  other  sources  of  unpublished 
data  on  these  losses. 

3.  Classify  the  data  gathered  by  geographical 
location,  incident  environmental  conditions, 
type  vessel,  type  damage,  loss  of  life, 
financial  loss,  and  environmental  damage. 

4.  Identify  the  most  common  and  the  most  severe 
forms  of  structural  failure  which  have 
occurred  in  the  past  from  extreme  wave 
loading. 

5.  Analyze  and  discuss  the  data  to  determine  the 
most  significant  circumstances  surrounding 
these  cases. 

6.  Recommend  a program  of  future  research. 

MAN-HOURS 


1000. 
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DISCONTINUOUS  (POP-IN)  FRACTURE  IN  SHIP  SRC  Priority  7 

STEELS 

Long-Range  Goal:  Materials  Criteria 
BACKGROUND 

Ship  steels  generally  exhibit  elastic-plastic 
fracture  behavior  for  the  temperature  and  loading  rates 
encountered  in  service,  i.e.  through-thickness  yielding 
precedes  fracture.  During  fracture  toughness  testing,  the 
typical  load- displacement  record  for  such  a steel  exhibits 
large  displacements  prior  to  reaching  a maximum  load. 
Sometimes,  however,  the  rising  load  curve  is  interrupted  by 
pop- in  due  to  cleavage.  This  is  particularly  true  as 
thickness  and  loading  rate  are  increased  and  temperature 
decreased.  The  arrest  of  the  cleavage  crack  in  a fracture 
toughness  test  is  facilitated  by  the  load  drop  that 
accompanies  pop-in.  since  a drop  in  load  cannot  be  relied 
on  in  service,  fracture  toughness  testing  criteria  generally 
consider  the  load  displacement  at  pop- in  as  the  failure 
point.  However,  for  some  cases  (e.g.  weldments  or  thick 
plates)  the  pop- in  may  be  a very  local  event  and  treating  it 
as  the  failure  condition  results  in  undue  conservatism  and 
contributes  to  scatter  in  the  test  data. 

OBJECTIVE 

The  objective  is  to  develop  an  understanding  of  the 
cleavage  pop-in  phenomenon  in  carbon-manganese  steels. 
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WORK  SCOPE 

A systematic  series  of  fracture-toughness  tests 
should  be  conducted  on  ABS  grade  steel  at  a constant  loading 
rate  and  temperature  within  the  ductile- to- brittle 
transition  range.  The  test  temperature  should  be  selected 
on  the  basis  of  preliminary  tests  which  indicate  the 
temperature  where  cleavage  pop-ins  are  likely  to  occur.  The 
tests  should  be  conducted  under  nominally  identical 
conditions  of  temperature,  loading  rate,  and  test  material. 
Specimen  configurations  (e.g.  bend  and  tensile),  specimen 
dimensions,  load  train  compliance,  and  material 
characteristics  should  be  systematically  varied.  In  each 
test  the  specimen  should  be  unloaded  immediately  after  pop- 
in  and  the  extent  of  cleavage  marked  by  heat  tinting  or 
other  suitable  methods.  The  variation  in  the  extent  of 
cleavage  should  then  be  evaluated  in  terms  of  the  fracture 
mechanics  parameters  at  pop-in,  specimen  orientation, 
specimen  type  and  dimensions,  and  load-train  compliance. 
Efforts  should  be  made  to  develop  a theoretical  model  to 
predict  the  extent  of  cleavage  pop-in. 

MAN-HOURS 

First  Year  - 1500 


Second  Year  - 2000 
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ANALYSIS  AND  ASSESSMENT  OF  MAJOR  SRC  Priority  8 

UNCERTAINTIES  IN  SHIP  HULL  DESIGN 

Long-Range  Goal:  Reliability 

BACKGROUND 

The  safety  of  structures  in  general,  and  ship  hull 
structures  in  particular,  is  a matter  of  acceptable  risk. 

In  order  to  properly  consider  safety  from  this  standpoint, 
safety  may  be  measured  in  terms  of  the  probability  of  no 
failure,  or  conversely,  the  probability  of  failure. 

Some  probability  of  failure  is  invariably 
unavoidable  in  engineering  design,  in  view  of  the  fact  that 
designs  are  almost  never  developed  with  complete  technical 
information;  i.e.  designs  are  formulated  under  conditions  of 
uncertainty.  Also,  there  are  economic  considerations. 

There  is  uncertainty  in  the  predicted  maximum  load  that  a 
ship  may  experience  over  its  life;  similarly,  there  is 
uncertainty  in  the  estimation  of  the  resistance  of  a ship, 
in  any  given  mode. 

Probabilistic  methods  of  safety  analysis  and 
probability-based  design  methods  are  now  widely  available  in 
other  areas  of  engineering,  including  civil  structural 
engineering,  and  nuclear  power  plant  engineering,  among 
others.  The  key  element  in  the  implementation  of  any 
existing  probabilistic  methods  for  safety  analysis  and 
development  of  reliability-based  design  criteria  is  the 
assessment  of  realistic  measures  of  uncertainty  underlying 
the  particular  technology  of  design.  In  every  case,  careful 
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and  systematic  analysis  of  the  major  sources  of  uncertainty 
in  the  design  process  is  crucial  for  developing  proper 
reliability-based  design  criteria. 

The  results  of  this  proposed  study  should  form  the 
necessary  bases  for  a better  approach  bo  new  ship  design 
using  the  evaluation  of  realistic  probabilities  of  certain 
major  modes  of  failure  of  a ship  hull.  The  availability  of 
this  information  should  then  permit  the  evaluation  of  the 
safety  of  current  ships;  this  may  be  expressed  in  terms  of 
the  probability  of  failure  on  the  basis  of  reasonably 
prescribed  resistance  and  load  probability  distributions,  or 
in  terms  of  the  "safety  index".  These  latter  evaluations 
can  be  readily  performed  once  the  underlying  uncertainties 
have  been  assessed  and  evuluated. 

OBJECTIVE 

The  objective  of  this  study  is  to  identify  the 
major  sources  of  uncertainties  underlying  the  design  of  ship 
hull  structures. 

WORK  SCOPE 

The  following  tasks  shall  be  performed  to  meet  the 
objective: 

(1)  Examination  of  current  procedures  for 

determining  the  expected  lifetime  maximum  load 
on  a ship  hull  to  evaluate  any  bias  underlying 
the  current  methods  of  determining  design 
loads  relative  to  the  real  lifetime  maximum 
load.  This  shall  include  a careful  assessment 
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of  the  coefficient  of  variation  representing 
the  total  degree  of  uncertainty  in  the 
predicted  lifetime  maximum  load. 

(2)  A similar  assessment  of  the  bias  and 
uncertainty  underlying  the  current  methods  for 
the  analysis  of  stresses  and  other  response 
quantities  of  a ship  hull. 

(3)  A systematic  examination  of  the  current 
methods  for  predicting  the  resistance  of  a 
ship  hull  to  the  major  modes  of  failure;  for 
example,  the  flexural  buckling  of  the  main 
hull  girder.  The  study  should  be  aimed  at 
evaluating  any  bias  in  the  current  methods  for 
calculating  the  structural  resistances  in  the 
particular  modes  being  examined,  as  well  as 
for  assessing  the  coefficients  of  variation 
representing  the  total  degree  of  uncertainty 
in  the  predicted  resistances  of  a ship  hull. 

Available  data  will  invariably  be  incomplete  for 
the  purpose  of  this  study.  Nevertheless,  efforts  should  be 
taken  to  exhaustively  search  out  all  available  data,  and 
analyze  them  for  the  above  purposes.  Areas  where 
information  is  lacking  or  insufficient  shall  be  supplemented 
with  best  judgments;  these  may  have  to  be  expressed  or 
translated  into  probability  terms. 

MAN-HOURS 


1000 
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IN-SERVICE  STILL-WATER  BENDING  MOMENT  SRC  Priority  9 

DETERMINATION 

Long-Range  Goal:  Loads  Criteria 
BACKGROUND 

SSC  240,  Load  Criteria  for  Ship  Structural  Design. 

t 

discusses  the  determination  and  the  relative  importance  of: 

A.  The  still-water  bending  moment  (SWBM) 

B.  The  speed- induced  wave  bending  moment 

C.  Thermal  effects 

D.  Wave  Loads 

E.  Dynamic  Loads 

All  of  these  have  been  approached  both 
theoretically  and  empirically.  Advances  in  computers  now 
makes  possible  a more  sophisticated  treatment.  In  a similar 
manner,  advanced  instrumentation  and  recording  equipment 
open  new  doors  to  the  collection  of  data.  Developments  in 
both  areas,  coupled  with  the  introduction  of  new  types  of 
ships  and  larger  ships  of  old  types  provide  many 
opportunities  for  research  which  should  help  to  achieve 
eventually  the  goal  of  a truly  rational  method  of  ship 
design. 

SR- 1227,  "Load  Criteria  Application,"  is  a follow- 

on  project  to  that  one  reported  in  SSC  240.  It  deals  vrilth 

* 

'j 

calculation  and  measurement  of  load  and  stress  data  for" 
three  ships  - a containership,  a bulk  carrier  and  a large 
tanker.  Among  the  things  that  were  to  have  been 
accomplished  under  SR-1227  was  the  determination  of  the 
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variation  in  the  loads  causing  still-water  bending  moments 
from  voyage  to  voyage  and  during  the  course  of  individual 
voyages.  This  proved  to  be  difficult  and  was  not 
accomplished  to  the  degree  desired. 

A program  is  now  proposed  to  develop  a plan  to 
obtain  service  data  on  SWBM  in  sufficient  quantity  to  be 
useful  in  the  foriuation  of  a probability-based  design 
method. 

OBJECTIVE 

The  objective  of  this  study  is  to  develop  a plan  to 
obtain  in-service  still-water  loading  data. 

WORK  SCOPE 

The  following  tasks  are  considered  essential  in 
developing  the  program  plan; 

1.  Determine  <*hip  types  which  should  be  included 
in  the  study. 

2.  Evaluate  the  relative  cost  and  effectiveness 
of  various  methods  of  obtaining  SWBM  service 
data,  such  as; 

• Keeping  loading  records  on  selected  ships 

• Recording  stresses  on  selected  ships 

• Any  other 

3.  Interview  designers,  builders,  owners, 
operators  and  classification  societies  to 
determine; 

• Methods  they  use  to  control  SWBM  and 
their  opinion  as  to  their  effectiveness 
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• Their  opinion  as  to  the  present  range  of 
SWBM  on  the  ship  with  which  they  are 
concerned 

• The  willingness  of  owners  and  operators 
to  participate  in  a research  program  to 
record  loading  conditions  and/or  to 
measure  stresses  via  instrumentation. 

4.  Develop  a strategy  for  recording  loads  and  for 
calculating  SWBM  on  representative  ships. 

This  should  contain  names  of  willing  ship 
owners,  ship  types  and  names,  specific  data 
recording  procedure,  specific  calculational 
procedure,  manning  and  cost. 

5.  Develop  a similar  strategy  for  obtaining  SWBM 
data  by  recording  stresses  on  ships  throughout 
the  voyage  including  port  time.  This  should 
include  some  or  all  of  the  same  ships  involved 
in  the  previous  item,  A procedure  for 
separating  SWBM  stresses  from  other  stresses 
should  be  established. 

6.  Determine  a specific  and  detailed  program  for 
obtaining  still-water  loading  data,  including 
a cost  and  time  estimate. 

MAN-HOURS 


1000 
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DISTORTION  IN  ALUMINUM  WELDMENTS  SRC  Priority  10 

Long-Range  Goal;  Fabrication  Techniques 

BACKGROUND 

Increased  use  of  aluminum  in  shipbuilding  has 
emphasized  the  need  for  more  information  on  distortion  in 
aluminum  structures.  The  distortion  problems  in  welding 
aluminum  are  more  severe  than  those  of  steel  because  of  the 
higher  coefficient  of  thermal  expansion  along  with  a lower 
modulus  of  elasticity.  The  recent  paper  by  V.  J.  Papazoglow 
and  K.  Masubuchi  "Analysis  and  Control  of  Distortion  in 
Aluminum  Structure"  (SNAME  Transactions.  Vol.  86r  1978) 
reports  on  a three-year  investigation  at  M.I.T.  directed 
toward  an  understanding  of  the  problems  and  the  development 
of  analytical  means  to  predict  distortion  and  analyzing 
methods  of  distortion  control. 

While  this  work  significantly  increases  available 
knowledge  of  distortion  in  aluminum,  most  of  the  attention 
has  been  directed  to  relatively  thin  plates.  Certain  types 
of  LNS  carriers  use  welded  aluminum  structures  in  heavier 
thickness  ranges  where  more  stringent  control  of  distortion 
is  required. 

OBJECTIVE 

The  objective  of  this  study  is  to  prepare  a guide 
for  controlling  and  accommodating  distortion  in  aluminum 
weldments  throughout  the  usable  thickness  range. 
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WORK  SCOPE 

The  following  elements  are  considered  necessary  in 
developing  the  guide: 

1)  A review  of  pertinent  domestic  and  foreign 
literature. 

2)  A survey  of  the  design  applications  of 
aluminum  weldments  for  various  thickness 
ranges. 

3)  A documentation  of  the  rationale  for 
controlling  and  accommodating  distortion  in 
aluminum  weldments. 

MAN-HOURS 


1000 
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LIQUID  SLOSH  LOADING  IN  CARGO  TANKS  SRC  Priority  11 

Long-Range  Goal:  Loads  Criteria 

BACKGROUND 

Operation  of  vessels  at  sea  with  partially  filled 
liquid  cargo  tanks  imposes  dynamic  loadings  on  the  tank 
boundaries  due  to  movement  and  sloshing  of  the  tank 
contents.  While  the  nature  and  magnitude  of  these  loadings 
has  been  studied  by  many  investigators,  the  information 
developed  by  these  studies  has  not  been  codified  and  remains 
scattered  in  various  technical  journals.  The  current 
Project  SR- 1251,  "Evaluation  of  Liquid  Dynamics  in  Slack 
Cargo  Tanks"  is  investigating  liquid  dynamic  loads  in  slack 
tanks,  but  this  effort  is  concentrating"  rather  specifically 
on  LN3  in  tanks  with  smooth  infernal  surfaces. 

A three-year  program  is  proposed  to  codify 
information  on  dynamic  loading  of  all  types  of  liquid 
cargoes,  tank  configurations  and  fill  conditions,  with  a 
program  of  model  testing  and  analysis  to  fill  gaps  in 
available  information,  and  a report  format  useful  to 
structural  designers  and  ship  operators. 

OBJECTIVE 

The  objective  of  this  study  is  to  determine  the 
sloshing  loads  from  a broad  selection  of  liquids  of  varying 
properties  imposed  on  tanks  of  varying  proportions  with  both 
smooth  and  structurally  stiffened  surfaces. 
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WORK  SCOPE 

The  following  tasks  are  considered  essential  in 
establishing  sloshing  loads: 

PHASE  I - Literature  search  and  Parametric  Analysis 

1.  Compile  and  review  available  data  for 
prediction  of  slosh  loads  based  on  analysis, 
model  tests  or  full-scale  performance. 

2.  Correlate  data  on  basis  of  suitable  parameters 
pertaining  to  such  factors  as  tank  shape  and 
size,  interior  surface  construction  and  liquid 
properties  such  as  density  and  viscosity,  and 
liquid  level. 

3.  Devise  a program  of  model  testing  and  analysis 
to  augment  existing  information. 

PHASE  II  - Model  Testing  and  Analysis 

Implement  the  program  of  model  testing  and/or 
analysis  developed  during  Phase  I. 

PHASE  III  - Codification  of  Information 

Prepare  a well  organized  summary,  for  use  by  ship 
designers  and  operators,  of  data  on  the  dynamic  loadings  of 
tank  boundaries  in  consideration  of  ship  motions,  liquid 
properties,  tank  geometries  and  structural  systems,  and 
other  pertinent  parameters. 

MAN-HOURS 

First  year  - Phase  I - 1500 
Second  year-  Phase  II  - 3000 


Third  year  - Phase  III  - 1500 
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REVIEW  OF  ACTIVE  AND  PENDING  PROJECTS 


This  section  of  the  report  covers  current  projects 
funded  with  fiscal  1978  (or  earlier)  funds,  others  that  have 
been  started  with  fiscal  1979  funds,  and  several  projects 
for  which  proposals  are  not  yet  in  hand  but  are  anticipated 
to  be  supported  with  fiscal  1979  funds.  These  projects, 
listed  in  Table  III,  constitute  the  current  program.  The 
majority  of  projects  are  for  one-year's  duration;  multiyear 
projects  are  funded  incrementally  on  an  annual  basis. 

Project  descriptions,  including  the  SR  project 
number  and  title,  the  name  of  the  principal  investigator  and 
his  organization,  where  these  have  been  determined,  and  the 
activation  date  and  funding,  where  applicable,  are  provided. 
The  appropriate  SSC  Long-Range  Goal  is  also  noted,  and  a 
very  brief  statement  of  the  objective  of  each  project  is 
given.  These  are  followed  by  a short  description  of  the 
present  status  of  thw  project. 

This  format  does  not  permit  a detailed  or 
comprehensive  description  of  individual  projects;  however, 
each  project  included  will  normally  result  in  one  or  more 
SSC  reports. 
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TABLE  III  — REVIEW  OF  ACTIVE  AND  PENDING  PROJECTS 

§EzNQi  PROJECT  TITLE  PAGE 

SR- 1238,  "Fracture  Toughness  Characterization  of  Ship  Steel  64 
weldments" 

' SR- 1241,  "Longitudinal  Strength  Criteria  Based  on  65 

Statistical  Data  Analysis" 

SR-1245,  "Reduction  of  SL-7  Scratch-Gage  Data"  66 

SR- 1251,  "Evaluation  of  Liquid  Dynamic  Loads  in  Slack  Cargo  67 
Tanks" 

SR- 1254,  "Fatigue  Considerations  in  View  of  Measured  Load  68 
Spectra" 

SR-1255,  "Nondestructive  Inspection  of  Heavy  Section  69 

Castings,  Forgings,  and  Weldments" 

SR- 1256,  "Investigation  of  steels  for  Improved  Weldability  70 
in  Ship  Construction" 

SR- 1257,  "Fatigue  Characterization  of  Fabricated  ship  71 

Details" 

SR-1258,  "Structural  Details  Failure  Survey  Continuation"  72 

SR- 1259,  "A  Long-Range  Research  Program  in  Ship  Structures"  73 

SR- 1261,  "Hull  Structural  Damping  Data"  74 

SR- 126 2,  "Ultimate  Strength  of  Ship  Hull  Girder"  75 

SR- 1263,  "Ship  Structural  Design  Concepts  - Part  II"  76 

SR- 1265,  "Evaluation  of  Fracture  Criteria  for  Ship  Steels  77 

and  Weldments" 

SR-1266,  "Criteria  for  Hull/Machinery  Rigidity  78 

Compatibility" 

SR- 1 267 , "Ice  Strengthening  Criteria  for  Ships"  79 

SR-1268,  "Evaluation  of  SL-7  Scratch-Gage  Data"  80 

SR- 1269,  "Internal  Corrosion  and  Corrosion  Control  81 

Alternatives" 

SR- 1270,  "Survey  of  Experience  Using  Reinforced  Concrete  in  82 
Floating  Marine  Structures" 
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SR-NO.  PROJECT  TITLE  PAGE 

SR-1271,  "Pressure  Distribution  Model  Tests  in  Waves"  83 

SR- 1 272,  "Computer-Aided  Procedure  for  ship  Grounding  - 84 

Calculations" 

SR- 127 3,  "Computer-Aided  Procedure  for  Drydocking  85 

Calculations'* 

SR- 1274,  "Computer-Aided,  Preliminary  Ship  Structural  86 

Design" 

SR-1275,  "Full-Scale  Pressure  Distribution  Measurements  of  87 
M/V  S.J.  CORT" 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING:' 
SSC  LONG-RANGE  GOAL: 


SR- 1238 

•FRACTURE-  TOUGHNESS  CHARACTERIZATION  OF 
SHIP  STEEL  WELDMENTS 
Dr.  A.  K.  Shoemaker 

U. s.  steel  Corporation,  Monroeville,  PA 
January  28,  1977 
$62, 212' 

Materials  Criteria 


OBJECTIVE 


The  objective  is  to  determine  the  relevance  of  the 
Charpy  V-notch  energy  criteria  currently  employed  in 
assessing  the  behavior  of  steel  weldments. 


STATUS 

All  Charpy,  tension,  and  hardness  testing  has  been 
completed.  Some  fatigue-crack  initiation  tests  have  been 
started,  but  test  machine  difficulties  have  intruded  into 
the  schedule.  Propagation  tests  and  three-point  bend  full- 
thickness stress  intensity  (Kc)  tests  are  now  underway.  The 
compressive-fatigue- load  range  had  to  be  reduced  to 
eliminate  the  testing  machine  problems.  However,  these  data 
can  be  extrapolated  by  using  the  Goodman  diagram.  A draft 
final  report  is  scheduled  for  review  in  mid-May,  1979. 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 

CONTRACTOR: 

ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 1241 

LONGITUDINAL  STRENGTH  CRITERIA  BASED 
ON  STATISTICAL  DATA  ANALYSIS 
Mr.  N.  S.  Basar 

M.  Rosenblatt  & Son , Inc.,  New 
York,  NY 

September  30,  1976 
$16,414 

Design  Methods 


OBJECTIVE 


The  objective  of  this  study  is  to  develop  a 
computer  program  for  a method  for  analysis  of  uncertainties 
associated  with  ship  hull  strength  due  to  mill  practices, 
methods  of  sampling,  variations  in  material  properties  and 
sc&atling  sizes,  time-dependent  effects,  etc.  with 
expressions  for  margins  of  safety  and  structural 
reliability. 


STATUS 

A draft  final  report  presents  the  available 
techniques  for  probabalistic  structural  reliability  analysis 
but  does  not  discuss  whether  the  various  techniques  are 
practically  effective  or  not.  For  example,  some  of  the 
methods  mentioned  can  be  complicated  while  the  Monte  Carlo 
method  can  be  very  expensive.  The  final  report  is  being 
revised  to  discuss  this  aspect  and  to  indicate  that  the 
determination  of  an  appropriate  safety  factor  for  design 
from  probabalistic  methods,  when  used  in  one  of  its  most 
effective  forms,  is  most  significant.  Additional  time  and 
funds  have  been  allocated  for  this  revision. 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 

CONTRACTOR: 

ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 1245 

REDUCTION  OF  SL-7  SCRATCH-GAGE  DATA 

Mr.  R.  F.  Brodrick 

Teledyne  Engineering  Services, 

Waltham,  MA 

March  1977 

$88,511 

Response  Criteria 


OBJECTIVE 

The  objective  is  to  obtain  and  reduce  scratch-gage 


records  from  eight  SL-7  containerships  to  usable  form. 


STATUS 

Five  years  of  scratch-gage  data  have  been 
examined,  scaled,  and  presented  in  the  form  of  histograms. 

An  SSC  report  will  soon  be  published  with  these  data. 

Two  additional  years  of  data  will  be  similarly 
reduced  and  presented.  These  data  will  be  augmented  with 
the  results  of  comparisons  between  the  scratch-gage  data  and 
the  electrical  strain  gage  data  obtained  aboard  the  SL-7 
SEA-LAND  McLEAN.  An  attempt  will  also  be  made  to  develop 
transfer  functions  to  correlate  those  scratch-gage  data 
taken  aboard  the  other  seven  SL-7  ships. 

The  additional  data  collection,  formerly  obtained 
under  project  SR- 12 15,  "SL-7  Extreme  Stress  Data  Collection" 
is  now  under  SR- 1245,  to  consolidate  contracts. 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 

CONTRACTOR: 

ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 1251 

EVALUATION  OF  LIQUID  DYNAMIC  LOADS 
IN  SLACK  LNG  CARGO  TANKS 
Dr.  R.Ii.  Bass 

Southwest  Research  Institute#  San 
Antonio,  TX; 

September  16,  1977 
$72,159 

Loads  Criteria 


OBJECTIVE 

The  objective  of  this  study  is  to  survey,  test, 
analyze,  and  develop  liquid  dynamic  load  criteria  in  slack 
LNG  cargo  tanks. 

STATUS 

A search  of  the  open  literature  produced  little 
useful  information  on  the  structural  analysis  for  sloshing 
pressures,  but  did  provide  sufficient  model  data  to  cover  a 
wide  range  of  fill  depths,  excitation  frequencies,  and 
amplitudes,  tank-wall  pressures  measurement  locations,  and 
total  force  measurements . Model  test  results  conducted  in 
this  project  using  two  degrees  of  simultaneous  excitation 
indicate  that  worst  case  situations  occurred  when  the 
heaving  and  surging  excitation  frequencies  were  equal  and 
set  at  the  resonant  frequency  for  surging  only  motion. 
Additional  preliminary  results  indicate  that  the 
experimental  and  theoretical  resonant  period  agree  well  for 
the  pitching,  surging,  and  combined  surging  and  heaving 
excitation  motions. 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 

CONTRACTOR: 

ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 12 54 

FATIGUE  CONSIDERATIONS  IN- VIEW  OF 

measured  LOAD.  SPECTRA 

Mr.  R.F.  Brodrick 

Teledyne  Engineering  services* 

Waltham*  MA 

June  2.1,  1978 

$58,582 

Materials  Criteria 


OBJECTIVE 

The  objective  of.  this  study  is  to  assess  the 
influence  of.  fatigue  loading  spectra  on  the  margin  of  safety 
provided  by  current  fatigue  design  practices. 

STATUS 

A literature  survey  of  ship  loads  and  fatigue 
behavior  has  been  completed.  Preliminary  analysis  of  the 
bulk  carrier  FOTINI  L data- indicates  it  may  be  possible  to 
define  a fatigue  load  spectrum  in  terms  of  peak  stress 
distributions,  mean  stress,  area  under  the  spectral  density 
curve,  characteristic  period,  and  encounter  cycles.  Crack- 
growth  retardation  models  are  being  examined  by  using  ship 
loading  spectra  as  input. 


/. 
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PROJECT  NO: 
PROJECT-TITLE: 


INVESTIGATOR: 

CONTRACTOR: 

ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 1255  /■ 

NONDESTRUCTIVE  INSPECTION  OF  HEAVY 
SECTION  CASTINGS,  FORGINGS,  AND 
WELDMENTS  U 

Mr;..  E.L.  Criscuolo 
Naval  Surface  Weapons  Center^  White 
Oak,  MD 
June  1v  1977 
$20,000 

Fabrication  Techniques 


OBJECTIVE 

The  objective  of  this  study  is  to  survey 
representative  nondestructive  inspection  methods  for  ship 
castings,  forgings,  and  weldments,  and  identify  existing 
acceptance  standards. 

STATUS 

Specifications  regarding  procedure  and  suggested 
acceptance  criteria  were  obtained  for  both  the  ultrasonic 
and  radiographic  methods  of  nondestructive ly  inspecting 
large  steel  castings. 

In  addition,  ASTM  procedural  guides  have  been 
reviewed  for  suitability  to  this  application. 

These  data  are  being  incorporated  into  a technical 


report, 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 12 56 

INVESTIGATION  OF  STEELS  FOR  IMPROVED 
WELDABILITY  IN  SHIP  CONSTRUCTION 
Mr.  R.W.  Vanderbeck 

U.S.  Steel  Corporation,  Monroeville,  PA 

September  29,  1978 

$204,796 

Fabrication  Techniques 


OBJECTIVE 

The  objective  of  this  three-year  study  is  to 
select  the  optimum  materials  and  welding  parameters  to 
provide  improved  resistance  to  degradation  of  the  heat-? 
affected-zone  (HAZ)  properties  in  weldments  made  with  high- 
deposition  rate  processes. 

STATUS 

A literature  survey  is  underway  to  serve  as  a 
basis  for  the  selection  of  promising  experimental  steels 
that  will  be  produced  as  laboratory  heats.  The  best  of 
these  steels  will  be  screened  out  by  simulated  HAZ  testing, 
and,  along  with  two  reference  production  ship-plate-type 
heats,  will  be  evaluated  by  various  tests  on  base  metal  and 
weld  HAZ  (various  heat  inputs) . The  metallurgical  factors 
contributing  to  improved  HAZ  behavior  will  be  identified. 
Finally,  the  most  promising  steel  will  be  commercially 
produced  and  evaluated  using  several  welding  processes  and  a 
variety  of  tests  including  Charpy  V-notch  in  various 
locations  in  the  weld  HAZ. 
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SR- 12 57 

FATIGUE  CHARACTERIZATION  OF  FABRICATED 
SHIP  DETAILS 
Prof .?  W.  H.  Munse 

University  of  Illinois,  Urbana,  IL 
November  30,  1978 
$95,016 

Materials  Criteria 

OBJECTIVE 

The  objective  of  this  two-year  study  is  to 
classify  ship  details  in  terms  of  their  behavior  and  useful 
life  under  cyclic-loading  conditions. 

statue 

Work  has  begun  on  a literature  survey,  evaluation 
of  current  fatigue  criteria,  and  classification  of 
fabricated  ship  details. 

These  phases  are  to  follow: 

a)  Identification  of  details  for  which  fatigue  data 
are  plentiful,  limited,  or  lacking. 

b)  Development  of  fatigue  design  criteria,  and 

c)  Laboratory  fatigue  tests  to  verify  the 
classification  procedure  and  to  supply  missing 
data. 


PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 

CONTRACTOR: 

ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR-1258 

STRUCTURAL  DETAILS  FAILURE  SURVEY 

CONTINUATION 

Mr.  C.R.  Jordan 

Newport  News  Dry  Dock  and  Shipping 
Company,  Newport  News,  VA 
December  6,  1977 
$49,761 

Fabrication  Techniques 


OBJECTIVE 

The  objective  of  this  study  is  to  evaluate  the 
effectiveness  of  structural  details  by  examining  several 


details  in  selected  ships  undergoing  repairs  or  periodic 


surveys. 

STATUS 


Surveys  have  been  made  on  5 bulk  carriers,  11 
general  cargo  ships,  and  12  container ships,  concentrating  on 
the  midship  cargo  sections,  to  augment  the  data  obtained  in 
Project  SR- 1232,  "Structural  Details  Failure  Survey." 
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PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR— 1259 

A LONG-RANGE  RESEARCH  PROGRAM  IN  SHIP 

STRUCTURES 

Mr.  R.J.  Scott 

Gibbs  6 Cox,  inc.,  Arlington*  VA 

January  31*  1979 

$213,740 

Advanced  Concepts  and  Long-Range 
Planning 


OBJECTIVE  * 

The  objective  of  this  two-year  study  is  to  develop 
a marine  structures  planning  document  directed  toward,  but 
not  limited  to,  the  technical  goals  and  charter  of  the  Ship 
Structure  Committee,  and  to  forecast  the  research  and 
development  needs,  based  on  a system  of  priorities,  for  the 
next  20  years.  . 

§2&£US 

A format  is  being  developed  to  assess  the  cost 
reduction,  safety,  environmental,  and  military  effectiveness 
benefits  of  candidate  long-range  research  plans. 
Subsequently,  a quantitative  measure  of  these  benefits  per 
research  and  development  dollar  invested  will  be  proposed. 
Simultaneously,  workshop  conferences  will  be  conducted  to 
identify  the  structural  problems  that  need  to  be  addressed. 
Finally,  a final  planning  document  will  be  prepared  that 
will  include  background  material,  a summary  of  the  technical 
approaches  and  method  formulation,  the  benefits  and  the 
technical  man-hour  estimates  for  the  recommended  programs. 
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PROJECT  NO: 

PROJECT  TITLE: 
INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 1261 

HULL  STRUCTURAL  DAMPING  DATA 
Mr-  T.P.  Carroll 

Carroll  Associates,  Bethesda,  MD 

February  1979 

$21,733 

Design  Methods 


OBJECTIVE 


The  objective  of  this  study  is  to  collect  and 
evaluate,  structural  damping  data  applicable  to  ship 
vibration  analysis,  and  to  recommend  an  experimental 
program,  model  or  full  scale,  to  expand  and  verify  the 
design  data. 

This  project  is  getting  underway  after  some  delay 
incident  to  clarifying  the  contractor's  proposed  work 
statement  and  insuring  the  participation  of  an  expert 
hydrodynamicist . 


\ 

t 
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PROJECT  NO:  SR- 1262  cvn~:-j‘C.  « 

PROJECTi-TITL'E:.'  !:.■  : ' ULTIMATE,. STRENGTH  OF  SHI  Rf,  HULL  GIRDER 
INVESTISATOR:  Dr.  A.E.i  Mansdur 

CONTRACTOR:  Mansour  Engineering,  Inc. ^Berkeley,  CA 

ACTIVATION  DATE:,.«e>».Mayi  1,^978 *. 

CONTRACT  FUNDING:  $37,080  r : r tr  ■ - ■ 

SSC  LONG-RANGE  GOAL:  Design  Methods  ; >• 

OBJECTIVE 

' < '•  1 * \ 4 

The  objective  of  this  study  is  to  develop  a 

^ > 1 0 O i'<  '«'■'<  ' J-»  * 'tv.’  ’*  ‘ / ' J 

procedure  to  determine  the  load-deformation  characteristics 
and  ultimate  strength  of  a ship  hull  girder  under  various 
combinations  of  vertical,  lateral,  and  torsional  loads. 

SI&T2S 

. . V’’  , * * , , V . 

■ “ ' 1 *. » * ,»  i > ...  ' 

An  interaction  relation  has  been  established  that 

i • • . , j . < • ,1-  , ; -j  >.  ‘ . 

.^lows  for  the . determination  of  the  reduction  in  either  the 

'••  • 1 ■ • • ■ - ■ 1 ' • i ■ , ' ■ , f <> 

fully  plastic  vertical,  lateral,  or  torsional  moment  under 
various  magnitudes  and  combinations  of  the  other  two 
moments.  Applications  of  several  of  the  developed  relations 

» -f  •*.*..  i ’ , 1 4 , „ • , _ 

to  a 190,000  DWT  ship  and,  a 930  ft.  barge  have  been  made. 
Other  types  of  ships,  buckling,  strain  hardening  effects, 
rationale  for  combining  maximum  shear  and  bending  moment 

t 4*M  * ' f«  - ’ „ _ V B 4nf 

values  from  different  shipboard  locations,  relation  of 

1 

procedures  to  experimental  data  still  remain  to  be  examined. 
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PROJECT  no:  SR- 1263  -v.:  rifli  rs* 

PROJECT  TITLEV  : 1 SHI^  STRUCTURAL  DESIGN  CONCEPTS;  AAV  •- 

, - PART  II  ‘ - * 

; INVESTIGATOR:-  < - • a lirUAJlHy^Bvaris  ••'A- v'jvr- v 

CONTRACTOR:  J.H.  :Evans,  Lexington,  'MAh  *v:  \f 

ACTIVATION  DATE:  March  1,  1978  U AAA.AA  *>  >•' 

CONTRACT  FUNDING:  $25Y000>  a r - ,*<><..  ;u.  . v 

SSC  LONG-RANGE  GOAL:  Design  Methods 


OBJECTIVE 

The  objective  of  this  two-year  study  is  to  prepare 

X ’ * / v **  *»  *4  * ' ••  ; , > * . (>  fi  >,  t , . 

a supplementary  monograph  to  the  ship  Structural Design 

* " ' ’ /'  i 5 ’ V ‘ * 4 * ■ 

Concepts  published  in  1974. 

smre 

A suggested  title  for  this  monograph  is  "Other 
Topics  on  Ship  Structural  Design"  and  will  now  embrace  the 
following  nine  chapter  headings:  1)  Hull  Deckhouse 

"I  ‘ * * t ' r . , 

Interactions,"  (2)  Shearing  Stresses  Due  to  Bending,  3) 

* . * ’ 1 'v>ti 

Shearing  Stresses  Due  to  Torsion,  4)  Principal  Stresses,  S) 
Extent  of  Unreduced  Scantlings,  6)  Hull  Girder  Deflections 
and  Stiffness,  7)  Full-scale  Longitudinal  Strength 
Experiments,  8)  Hull  Cross-Section  Synthesis  in  the  Presence 
of  Bending  Plus  Shear,  and  9)  Preliminary  Choice  of  Framing 
Systems. 

A number  of  chapters  have  been  completed  and 


others  are  in  the  draft  stage 


PROJECT  NO: 
PROAJSS.Ti5TITLE;?Vi  ■.  ^ . 

INVESTI3AT0R: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR— 1265  --{V  ‘ ■ , (Vic 

EyALUATION  OF  . FRACTURE  CRITERIA 
SHIP  .STEELS > AND  . WELDMENTS 

- x Wm  m.’ a tn 

Prof.  A.w.v-Penee^  .v  v. .,.yM . 

Prof.  A.  W..,  Pense,  Bethlehem,,  PA,.,  , 

5fr**A4» 

<6^%fr^rarAiwrican  Iron^ai^  ^teely.,  0 
Materials  Criteria 


OBJECTIVE 


it«‘- 


■U'<  '■i.l'f  * 


The  objective  of  this  study  is  to  prepare  a state- 


U A « 


4 ‘ A 


> • , ) 


of-the-art  interpretative  report  on  the  correlation  of 

* *'  A j * x f>  a * 

fracture  toughness  in  ship  steels  and  weldments  to  proposed 

l;  ’v. 

criteria  for  adequate  resistance  to  fracture  in  service. ~ 


smm 


A report  outline  has  been  reviewed  and  data  are 
being  gathered  and  analyzed.  Answers  to  the  following 
questions  are  being  sought: 

1.  Are  enough  data  available  to  adequately  assess 
the  proposed  fracture-toughness  criteria? 

2.  Are  the  proposed  fracture-test  methods  adequate 
measures  of  material  performance  in  ship 
applications? 

3.  Based  on  material  data  and  service  performance, 
are  modifications  to  the  proposed  criteria  needed? 
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project  NO;  , k .. 
PROJECT  TITLE:  ‘ ^ 5 

INVESTIGATOR: 
CONTRACTOR:14'  ' 
ACTIVATION  DATE: 

Sl  j’i  T | * y <•  A ty  • • 

CONTRACT  FUNDING:1  ’ 
SSC  LONG-RANGE  GOAL: 


SRr>1266  1 ' 

CRITERIAFORHlhX/MACHINERY'RldlDITY 

COMPATIBILITY 

Unicnowte^'^  “ >•  * 

Unknown  ! • 1 

Unknown  *»* 

2bW  man-hours  - ' " ■ ; 


■ i t/v  :*! . / 

: i , 


Response  Criteria 


OBJECTIVE 

The  objective  of  this  study  is  to  develop  criteria 

* ' ^ 1 * ' w * * \ ' * 

for  compatability  in  rigidity  of  hull  and  main-propulsion 

* *’  ‘ ‘ ’ * ^ 1 

machinery. 

STATUS 

Proposals  have  been  evaluated. 


7,9 


PROJECT  NO: 

PROJECT  TITLErv  4;? 
INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR— 1267 

•\  ICR  -STRENGTHENING 
Unknown 

Unknown  nwci,:K'».o 

Unknown 

200  Oiiroan-hours^;  * 
Loads  Criteria  t- 


T '/7t & 7 

CRITERIA > FOR  SHIPS 

v it*.*  , 


>;:.><■ hi pu'" 

•-<:v  r.nrA'/.-  ; ,-v 


mu 


; The  objective  of  this  study  is  to  develop  a basis 
for,  ,a.  rational,  selection  of  ice  strengthenirtg  criteria  for 
vessels^..  • p It-,  ; rx  ♦ i 

STATUS  . .t 


Proposals  have  been  evaluated 


PROJECT  NO: 

PROJECT  TITLE:  *?v . > ! 
INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  PONDING: 

SSC  LONG-RANGE  GOAL: 


SR- 1268  :*>t  TXV*- 

EVALUATIONv;OF  SL-7  SCRATCH-GAGE  DATA* 
Unknown  - Wr ?, ^ 

Unknown  * ‘ • * r'  : '• . - r' ; •• v 'i  - 

Unknown  nvjo  yV;  ■ rl  u:‘ : ->  ’ 

8 0 Qi  roan-hour#  f , ■ , Tfnr.r-;  - « ■ ?-.  » 

Response-Criteria  vi  ^ • 


OgJgCSIVE  > 

=>  fr  v The  objective  of  this  study  is  to>  .establish  a 
measure  for  judging  when  sufficient  scratch-gage  data  have  - 
been  obtained  so  that  the  gages  can  be  removed  for  placement 
aboard  other  ships. 


STATUS 


A proposal  request  has  been  prepared. 


WWW* 
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PROJECT  NO: 
PROiJECT^TXTLEt  ^ *"> 

*,V  05 OJiffT"-  c>i'; 

INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONS-RANGEGOAL: 


SR-1269 

-INTERN Ali  -CdRROSION  AND  CORROSION  ' 
CdNTRdl,  ALTERNATIVES 
Unknown  f<-*zn>h'V 


Unknown  ^vos-..-:  • a :• 
Unknown  a-r^a  Ur  ■ 

2000 j man-hour s * ' 
^Materials  Criteria • 

1 ft  if.  .*  * 


, v* 


A'i'O'l K 
C U 

' "I  U/yi^ii' 


Qmszm 

;*\?y *' 

The  objective  of  this  project  is  to  develop  a 

<*•?!>  y n+  •. i.  •» iScrrq  .<*r.  *'  >o  a 

method  for  making  sensitivity  studies  of  the  relative  life 

,',a  r ■>{,,*  t^v*  u r i f v , » ji  i.  i*  ■ -in':'  - 

cycle  costs  of  corrosion  control  techniques,  including 

.-'•"'V:  Vi o •s*Affi.  •;  «i?. i ; j a-.  if,  ■>,;  'v  ■■  3 v pm, >,  . 

rombinations  of  increased  scantlings,  full  or  partial 

. .-■.'S'sr M i *-  c i ' ■'  < -iU'-'  ■ • 


coatings,  and  anodes,  to  protect  internal  surfaces  of 
ballast  and  cargo  tanks  in  steel  tankers. 


SI&TUS 


A request  for  proposals  has  been  issued 
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PROJECT  NO:  SR- 1 270  \ w , f.%  > v * 

PRO J ECT  cTITLE:> \ m*  ;V;SI^^*'.>Q5,'i|X^|§IENCE  USING  ;REINfORCED 


INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 


CONCRETE  INvjFLOATING  MARINE  STRUCTURES 
Unknown  n^hsV'-:S,  ~*n'K, 

unknown  & 

Unknown  t- v.  >\\  Sy  * ' • v- 

lO.^OijMnnrthoursrs  -U. 


SSC  LONG-RANGE  GOAL:  **  AdvancedConcepts  and  LongrRange. 

Planning 


t ")Vy  , ' i ■ . ■ •>  . x>i'  <;•'* ; . ! t 1 ' 

The  objective  of  this  project  is  to  assess  the 
state-of-the-art  for  reinforced  concrete,  including 

-V;  i ?;-’ • j ~>r:  : 5 > - 

prestressed  and  conventionally  reinforced  concrete, 

U-. ; >•  ••n.t.r.r  * ..  'n  : t <•;•  • - 

applicable  to  floating  marine  structures. 


STATUS 


?(*  >'«,•  / .> 


A request  for  proposals  has  been  issued. 


’ X~  M 


i * 1 

Ivf!“  - 

INVESTIGATOR: 

Unknown  (,TX»<:*rV 

; ;*.r£ 

CONTRACTOR: 

Unknown.  r<w.-,r. 

* 

i ACTIVATION  DATE: 

Unknown 

V ^ i - , 

CONTRACT  FUNDING: 

2400  Man-rhours  > <? 

'»W  J/,.  V'*?  • >} 

SSC  .LO^jaNg^GO^L: 

;.^>c 

m 


PROJECT  •NO:  SR- 1271  ■ r€3  rjnxr 

PRO J EGTKTITLE ; , r;,, Vj .PRESSURE  DISTRIBUTION  MODEL;  TESTS?  IN^ 


J ' » * . * * £v  *.  j 


oarggiiVE 


The  objective  of  the  project  is  to  measure  model-' 

4,  ...  L 5 .■  ->b  w . <.)  .•  '.-Su  ">}>*.  1 ‘ V J'..  f <.i  ;’ 

test  hull  surface  pressures  and  compare  them  with .calculated 


pressures. 

STATUS 


u-i. 


Proposals  have  been  evaluated. 


a 


I 


r 


r 


V> 
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PROJECT  NO: 

PROJECT-  TITLES’-*  ' * 

INVESTIGATORS 
CONTRACTORS 
ACTIVATION  DATES 
CONTRACT  FUNDINGS 
SSC  LONG-RANGE  GOAL 


i '"i  ; »£T;c 


\ * ■ 


; f , * ; 


w»*. 


SR-1272 

V . ) f i /•*  *.  &,"+*%  ,’.*u  *yl 

COMPUTER-AIDED  PROCEDURE'  FOR’  SHIP 
GROUNDING  CALCULATIONS 
Unknown 
Unknown 
Unknown 
2 OOdf^n-fiours 

Advanced  Concepts  and  Long-Range 
Planning 


» < 

*»  >*<‘  ♦* 

If 

i.  „ ; ■£.-*  ,'r. 


;>•■■■■ 


osasgim 

^ f ^-5/^7  '.Zri*'-"  X V ‘ ' , * _ « • , .V  1 , 

The  objective  of  this  project  is  to  develop  a 

f-*>  • • . ;•  --’J/v  -'■>*-  . , ' •>  ' i;  . ' .y.-s 

general  purpose  computer  program  for  ship  grounding 
analysis. 

ST&Ug 

A revised  prospectus  has  been  prepared. 
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PROJECT  NO:  SR- 1273  *>*\  ■ £->;  KH 

PRO  JECT  TITLE:/  Tl  / i :-  ^ f COMPOTER-r  AIDED  PROCEDURE  rFOR:  * 


INVESTIGATOR: 

> DRYDOCKING  CALCULATIONS 

Unknown  1 

CONTRACTOR: 

Unknown 

*<£'  f .x  •'■'■‘VO’ 

ACTIVATION  DATE: 

Unknown  *-av. 

f s • V 

CONTRACT  FUNDING: 

200 OsMah-hour 80 ; 

SSC  LONG-RANGE  GOAL: 

Design?  Met  hods^  • uaet  ■ : • >■  r > * »* 

O&ZSSHVg 


•<»'  The  objective  of  the  project  isrta  develop  a 
computer  program  tocalc  ulate  individual  drydock  block  . 
loads,  primaryhu  Unbending  loads  upon  drydocking  and  the 
stresses  in  the  pontoon  deck  of  the  floating,  drydock. 
STATUS  v 


A revised  prospectus  has  ■:  been  prepared. 
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PROJECT  NO: 

PROJECT  TITLE: 

*v 

INVESTIGATOR: 
CONTRACTOR: 
ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL; 


SR— 1274  >.  •-  * 

COMPUTER-AIDED^  PRELIMINARY'  SHIP 
STRUCTURAL. DESIGN 
Unknown  v "."j  ':•*  : 

Unknown  -;.w  ■ - v ,, 

Unknown 

500r;Mah-hpuri8;'  • :•  .< 

Des'ign^Methodsr-c  .v 


OBJECTIVE 

* The  objective  of  this*  project  is  to  assess  the 
state-df^the-art  of  computer-aided  designsystems  in  both 
shipr  and<  nonr.8hip  areas  for  use  in<  preliminary  ship 
structural /design.  .. 
status 


A request  for  proposals  has  been  issued. 


%% 


PROJECT  NO: 

PROJECT  TITLE: 

INVESTIGATOR: 

CONTRACTOR: 

ACTIVATION  DATE: 
CONTRACT  FUNDING: 

SSC  LONG-RANGE  GOAL: 


SR- 1275 

FULL-SCALE  PRESSURE  DISTRIBUTION 

MEASUREMENTS  OF  M/V  S.J.  CORT 

Mr.  A.L.  Dinsenbacher 

David  Taylor  Naval  Ship  Research  and 

Development  Center,  Carderock,  MD 

December  19,  1978 

$63,500 

Response  Criteria 


QMggms 


The  objective  is  to  measure  full-scale  pressure 
distributions  for  use  in  validating  pressure  prediction 
analysis  methods, 
ms  US 


Fifteen  inserts  have  been  installed  in  the  forward 
quarter  length  of  the  M/V  S.J.  CORT’s  hull  plating. 
Arrangements  are  being  negotiated  to  obtain,  install  and 
calibrate  pressure  gages  and  signal  conditioning  units 
developed  from  a prior  SSC  full-scale  slamming 
instrumentation  project. 


SR-ND. 


iAIlL^*-  \i«.- .,_  _" 

^-7/  \5\  *V^*  \ T 


SR-1215, ' fSlr,?; 


SR~1222v  ■ fr'St«4y?* 

t ^ i- "*V\C  ' ’>  V‘ir*  **,  •'“£* V * ,T£  ' *Or'v,""  -'  -**<■  1 " -•  \J* //<.,* , J. 

SRM22?*  • .^.iioa'd'C'ritefi*^  ApfeilOatioh? 


’ « t ..-}•>«; ; :- 


sr—1236,  "si*?  •Ca^ared^^wifh^uii^; ; v. ^.33. 

SRt't2|%-  V • ■'  ' ■:W: 

\"  Dantag*  '•Tteprie8::4ttd^*^#igl',^thoitoXpgi«f."  ■■;(.  /'  •>  / 

SR- 1239,;  "RatioheX  Limit  'a«:^8ull^iil§lf|y»':' V£;  -'if Y Y~ . 35 

''''—£  * 4 . ' • \ ’-v/'  ,-\l7  •.  *’j  <.,  y '-:: V-  '.'/>»/  . ' • "*  - ' . / 

' • _i.v'  . v _ _ « . ' ,*J  i£  « . * 1 ••*  •.  • * <£5  4*.  j *v®5g jf  '-vf;,  * 

SR- 1240*  "Props lier-i liduced  vibration- i'w^Ruii,  '81:1.404145?.  ^ • 35: 

' ■' "'.•Efiamants^'  . / :.  -,./  -;'-V/7'  -.':V  'f'*‘  .'\.-'vW  -•  ‘''7-'- 


sr-1243,;  * Underwater  Nchde stractive-.  inspection  of  i 

■ SR- 1246,  "Surveillance  .of'  Ship  Collision/ stranding 
':  Resear chstudiea f:.y '/  -■■’  ' v,  .-  -'.j  / J;-'  : :^ 


m\.Y  . 


SR- 12 4 8, 


Parameters 


for  shipbuiadirigw  ^Y'^Y  ", • : -%Y\  ^ YY  ':r-' 

SR-1249*  “Radiography  GuideXines  for  Secondai^f' 

SR- 12 50,,  -'4'sxghif :|Oance  and  .• 

6t  ;steei  ’"--■ 


--  ' - .-*••  v--  -« 

- - y .*  ..  , ..-.  < r . V ' '■-,-V <9  -s?i- * - r,-?v>,vi; ■ i>  -.;  -..“S'1  * ’. * ■*-.•. 

„'*V.  ^ "'VV'.  .*.-.'#  ••'2  '■  ‘ • ii,-'"-  •-- 

* - ’f‘  y • r'  ‘if*-'-  ' y,  S',  ^ ^ 5 'v  ...  7*‘‘*  t \ i V . V3-  ~x _*  . <r'»  '■'  _■  ~1-' 

• — a j K r~  /+.-.  .-"t  - , -v.'"  K.f,yi  * “ **■ '%  A§  fj v , b • - % V'  •-’r.-  J & \ V *T£~  ' Jlf 

- '’'/r-y '**'*:  J/x'J  ■'%■%;,  >-V;  -s^‘ 'f>'>  •>  / ' 


OBJECTjy^^  ~ j. i 1 ; *; . / r \ - * *>i‘  ° "•  's  .srv;. 

’ ;'"-  r>'V .' ; r;s.:.- - J •;’  / >/;.  ;^-\  -^•.,  ;-•  =• 

’ ' ^ .,J  - 'y  pS  • ‘ 1 •'•■v','  ',  >v  . ''ly'.s'  !<,r?  ‘ 'l  j. . /f' ' i'T':"'1  ■ 

'st}^7  'cohta;inersh'xps^>wi't^  'iin&xpeitistftire.i'r '■  v 

■ »*  '*■*'■< *.'/<,  ~y  ;;  ■ i •’  -sJ“,./'  j'lS'-'y  >;.  ; ; . s , ■• 

gages,  fot  <a  -period  oS  ^e'ats^," " _ ^ '“r  ; \; ';  ' 

...  •'  ■.  ,-.  -;  ■»•  ^ s v / ^ •.,  y.  ■•  ; w 

' T3R«arff n«: ' - '~j  ^ . • 4 ^ “ . “,'V'.  \r:  !.  \s  - '•  ’•  .-!/'•?'•*  >■  *' 


• 1,\  rc.v 

' * « / >'  ^ .y_,  -i'1',  • .v  ^ ^ - v 1 * 


RESlMSio 


Records  have  'Been.  eight 

“'■  ' - . v’  : "Jf-  & ; <:. ?v;v-  ".'  . ,y  h- }>■  .- 


'4.  '!'•  ^ *V,  -*j[  * • ^ ^ y V.'^*  v-’.  C . v . 4V  '-.v  t - v N‘  ^ , . 

HReductipn  of  SLri  i&tsLtph-  ^qe: . '■**&  •/ ,‘;  *-! I-  V „•- 

. - v"  v c ^ ♦ • , , X ' , . - * > V - •*  **  V* , '*  t«  ' 

. •■  ( * '*-  ‘ ' _ - ' ‘ . . v;  -‘v  . . f " 

' •>  - Rn  additional  .two  'years/ pf  -'teeprds-  -are  'beiixg  ^ 


Aj"  ' * 


c.6X4'ec'te;d.  -'and  reduae'd^  4V  ^o^je'crt-  ~ Th^ref ■ v 

\ , ' ' i v ft-  ' 1 vv^'v  / " ^ /fs  J ' - 

pjco.ject  5R-1r2l5  is  bf ing  retiresd^'.:;  • _..  f'-  - .- 


' * V " J .' 


■ - 04004.  4f0  10  '. 

__  *•  . "nV,  „ ^ '^'•Vl‘  , * }^~  ?**■  .*■  ./*  ^ ^ jf-  i S*£.  1 Z^,*  4 -1 1- -•>•  «»,  •v«t  'f  -t  -p  ‘«»i^  - -,  . ' ,"5' 'p.' ■“■''»  i ^ , k 

V 1 “--'  -v  “.*’*■'/  4rrV«V?l,'^v,*.  ^ s-  44  f jVd?\  ’**’’  rV^’*ir  ^ V,r  ''^Vr^'uV  j-  "r  -* 


' : '*& 

A' 


^ j y,  0 

v ' ;/vi  J<  ..' 


’j. - " •V.':  * ■i'-  '/■%-  nifejJ'f  .'.  ■;. ; sjf'ff ?-•  C J '»  '•'■  ;••  V:  ',’V*  ~ t - 

’•/A.- ~ '..•  . f^''  AV.'i  W’  ■-  - >'  . : ' X :y/. '-*.'<  .••'.’V':'  v-*..- 


NeWpbrt  News  Shipbuilding  * Dr  y 


project  NOiA  ■"  -' 

PROJECT  -TITliE  !(<••'’'.  - 
INVESTIGATOR:' 

■n  , !•*,  , ,*  VX*  v*  UWi  ->  _ , , , m 

CONTRACTORS  •;  •* 

ACTIVATION  DATEri: 

CONTRACT  ilitipiNG:  ^,w.f;,>.,.  ......  ..  ,.s 

sse  .IO#-RANSE-;SOAi:'  ^ - 

mmm  ‘ - v :— - ■.•_•■ 

The 


*A  “ i 


potential  for  the  application^  d£  •^derh-.;;uu.c6hy€iht'iphal . *-•.  ^ V . 
materials  to-advanced-;  ship.:  types  i--;vini<iue  -ppe'rati'onai;, .-  and’  : ; 
special  capabilities.  ■ ,;  i '0 10  ;04  A 

<,  •'.**  ,.,3*’  v ^ '.*>_•  • P,  +t\  M* 


o *■•  - V* 

.*  . ■ 0*.'  ’ *r  , r, 

' -■"  ■ 0,4  \ ' ; 

' * ■,,<f  , ‘ \ !r  ; >i.‘  . v>/^_ 

' ’ v/'^-  j >v''h?>‘  *^;  •W' 


..  *"v\  j; : 4 

>.  . ,,  > V *.>  ,4 

'“>*'•* , ' > C'  '-‘&u 


.*  v '3* 


ES&&3& 

1 ' ' ’'•  ■ -A  jmetijipd!,v‘|d'r  e#i.^aiihg' ^e:; ;C s 

r>  " 'J'1'  ,','t  J f ;f ” ' , , '.  ' ; , ^ \ ' 's  y ;r^j  ^ t '4  ~ , '* 

proposed  ;inatssr|j|l:"  00  V 

..  • -*<-  ‘ :"  1 ’ ,’  1 . ’A*  ' A A'f,.-  '.'.  '•"■A*.  ■ •'  ■v-' ". 

developed,.  ' • J;  .;- 

. ; . .•..'-A;'.  V • v>  .A  , • '.  v J !-,a  y-'  ‘;fv 

rew  Mtei:iaiv'eit^.'«veisii;iiar''  eteel  'Ship.^  ^Agpi^parisoh;  inclddea  1 

* :\*.  ";rA:  -.V-1  "■!y0' 4 M ■:*?".*  !-‘0$  A "A,  -a:;.::  ' 

a 11  fe~cycle  cost  aedlysia  and  of  • a- 

■ a-'A"-v;a-, if'  "yryP'  . ; "f  2-"\  .'/  : ' ■ 

non-econoraie  factors . Rormalized  itechritiquesy  ^or.’:  . ■?  * 

. r“  &&'y  0\'t  ^ ^ { v^. 1 V1'  ^ ^ ' ' f ’■'4-  4 ' 4»,  * 

slii^  ■'  ■ - a,  . 

design,  and  e6nduciing  th|  ecohp^i  andA^n-ecehOKac  _ --,  v-  .;...  _ "- 
■aomp.ar.iscnsr  ape-  dj|ecrl:|)e4»  \>%  -;;■ 

alpminum  ip ' ^ Af&  id  A'*. " . V 

the  method. 


t **  >*'-  - ‘4 


, /Jfe 

’y^ 


•V 


'”-i  v/;  ■*/ 


t-- 

tf*5*  v Vi  'V  t'  ” 


^ -<~r\ «■ 


v'  &r  . ’ : 1 W *.s  - •-  r - - - v;y  ?wY4>^  «**•'?*»,  •*,>  ^ ’’ 

*+  * y 3W  ; :«;  v 

•‘t -•>'  v '*3K  t 'V  ,,.  ; , - , . * , .*•*.* 

*1 Kfv^f 

:V;;,t'  >;f  . >*  ;.  *v(v;v  ‘--'V* -y '£*?{*$*>; i.u? 


*£.  A.  V r . \ > 


PROJECT  NO:  • 


. f-  ? *y* * ■-'  > t-  <; 1 ?•' 

project  %X$jLE&  k* *?Sf  •%:. 

, ,,  >T  " >,  fi  fro  V V . *«/,  '«*>/'  * « "AJ 

'i‘  ':A/b  i * ' D & aiW  K -1  '-Jfc 


^ ( t v , &£.  <v  y*. f yi;*- 


^ " /-.*!,  w"  ^’-v*  - 1 

is  r - * ^v,,. 

•»**,*- , ► .*v,  '\& ; '■K'.i  *-'  '~, 


i^^f|gAfpRf’  . , _.  ..  ,,,t7,„;^  , . .,  v,^,t 

‘ 'ebNfStk^T^ti-  V ';v  V-'  •'■  :"-^;:|^)^bla^''J|":soi:r  inc 4^ 

;,^J<  ^ '"i.  1 *l,  >*»  \ \‘  ft  ’■}  . •‘I,''  T ' “'■  'V;  * ^ > 

* ~ **"*  ' ' "'i>'  ^ ti/';  -t  jY^V'  •*■  f *«  a:"U  *J*  ' 

, Sf'  • ' -"  -’  ,x  ' 


. . . , ' 

_5  o % i’  ' - 1 - ’-  * ^ rf 

,v :"  ^ * ; i ^jsjy  .y 


OBJECTIVE 


•“V.  "' 

1 , 4 1 \ V 4 


S)  ''  , , & * **  “r‘"  " 4’’^'J- 


?<>/ 

• 3>,  s Ki  + 


;4V-,  ’’  r *V " ;’ m *'•  -f4^ ’1  o*v  / **  m-y<1', 

large  tanker,  '-arid-  a-  ^rj^jiyul.fc.  icar^f er-  ^Or*%bi|ph;  iactilatl.-  etre^ls 


**s  <3V  - 

' r /* v ’*  o **  ^ ‘ ^ ' -V  ^ .' , j*  *:'r!'  v 


1 '•  T'  > '•  ** 


Mifa  w .Xfc,  W ’■■y ;■  <m.*> 

• -v\.  <’{  * '’  T1  vM  j ” -Jt<y  y c v . 

’‘.•>V  - * J.  ; ••;>;.  •.  ft- 


•-..  ,v.  ni  ^ / ’ J,' 

1SSIMS  ' /•/-  ’ '.  'i;  -•'>.  :,/  , 

V1.:?  .;i'  / ••■.!  #«  - 'o  '■’  '',  .'  i ■'’ . • '•„>  jwT  ,r/; 

-•  -.CJ^i’si^^b^.'  ;$s,:-p^ai,iie^  into'  >1^-  probable1.  ; , 

coirec.t:  jr^thei^ticai  -of  '•tyiL& : ’ :,  1 

int er^-rala tionships  ;a i h!&^ ^pliowihg-- ibe^ing^iHQ^^t'sl:; .,  ’"  ’ ’■ 

* ’ ,'..'.V'|','4''C  % ..i*  -s*:~  )„__  ‘ '/  ' ’ ..'■•i'  i r’>  ■ V '’  ■-  ;-.  :*  -t  ''  V C'J.  J ";T  * . w,b  ' ' ,--  7 

• ■/'■-'€'•■' 

■. ,.  ■%  - ’ 'Vet^i-cal  W$- . ' v 


’$  Thermal  effects  , • ■; 


It  appears  that  sMi|-w^ter^iehd:ing'  mpri^htS'  -cajt/he 

.^4-  :_'rv; ' 

infprntatlqh  -,pn.  ^ s|8vthi.^#v  'r.’v 

gathered  to  de.feexrfiihe.  th e s tati-st icai  ibutions . More 

effort  is  -atso  rejgutred*  tp^yditsrmite'the  suitable  /-  ;..- 
probabilistic  expres^ipt 4 syhth®.sis  kethod  for  the.  ’ 
cohfcribhfioh  of  vibiatiph;  fp  the  extteiae  loads,.'  - • . ^ 


PROJECT  NO:  SR 

PRbj2CT;:flTIiE:^'v' < -^‘s^SLr?- 

-•'*•'  ' 3 X^.yU.4% f0 

INVESTIGATOR:  - - ; ,;.  ^Dr 

CONTRACTOR:;  " , *,,? , >,h.  |ri 

ACito&^djMa&g**  ■ '■■•">  /.  \ ■ tis«i 

CONTRACT  FUNDINGS ' - , ' t ,SS 

sse  ioNg-range  sOAii*  ^VRe 

' " " ” s - ^ *' ''  f-  < a V *&•  # 


- ■''  ; 15 jw' »•/’"/  vi?// zi i¥.7"??''^s  ’S/  • • r*  . ■ * 

;SR^^Sj6^te^^ev -ft*  'vs  r. .;  • ’ 


; .Vi2&A  '*» 


JL«  - - a vc  V * 


' - '■  ’'  r",  / f-  '.Vv^f.v-K  T - -_i  -■ 

axesw, y-:>  : ;- 


ivk,.  s \ ~ ■ '«' -k "» 1 f '<$'-*  o\  . ,w  ■'  ,*  v*jj  'jj  0 ' ', 


The  0b3ec^vh^o'fe^hh^is^»aV: was 'to-  hpmpAije a;C  - .v&t ^ • - ;-'-v.  V 
'•'  V lJ/ --,  f /*'.'/&:.:■<>//  //  -, 

' _ ’ , ' * “ - i ’sor*  ^ ( (,f‘*’^‘‘/'  ' *°  V ' V«^  " > * ?■<)  ^ ^ ,-<•  -•  "'*%?-  f - ,’/  ’,  '* 


- •--  » «,'■•  'V  ‘>r*  i i'Vt  ' */  ' c ' : *■'  ' 6,!'  i*»35»Svi  '.v*-  .it.;  »,  1 . ' , < > , 

andilig  sea  v>;  t?'i  •:  ■ ••'"  'r  ■ 


, 1 - ’ ‘ J ‘ » b '.>  .a  j*  Vtr. . \ ' -:'_y\, ^ 

_ !■  / > ’ ( 1 *'  « "J"  , _ , ' ^v'  , * * | , ’k  ,1*  .1  X „MS  '*•*“>  * ^ { *'■■'“  > ' ,'  ' 1 - ' J(  ^ ^ • I 

.more:  'jsjesTP'r^  ifeje*clhuS3fe^|4t -*j :v^*r---“v  W v-:  >,:  ••-!;' ••••’'»■  'V  ■■!/’  • 

: 1 -'  ■'  -,.-:!'r'  ■ • v . u,  .'  . /■  . - 1 -,,t . * / •,  -v  ■•’'•  , 

mam  -r  •«■  jV^- 


- The- 

„ ^ - , •'  , * . - ,'  1 '■'  ' ^/  ■ ' ' *<r  ‘ -4‘  4’'  •,  1 , ^ i ‘ '•  ' , ' ^ ‘ '^i,  « 

' ” ' („  > ^ , * 1 ’ . ' ' , C ( 4u  - 

measured  stresses  fot  the  doqksidie  calibra*:ibn;  is  good^where  . 

•',  > ■>•,  '■-  ’ ■ / ' /‘/~  yi  '->y//r/  . 

'thermal  eff e5te':wer%56s^f^^ut^;ihcb^  -^her^isei;  The 

comparison  Rt4S"  Vl’h^^herTai'^T  •;■  f » *•  -,V  ^ •■* ,- ' 

- r-J  /'■:•'■'■■.  - >!* «/-vr.;  '-C  r»'*..fr/» .»*•  ”.’•  ■/fr:i,y^/ 

'satisi,acfcbr^r'''ittsi:n‘g;'/'*b'9tHs^hef;s^4li#hlJ;'ih#yf^f'^Hfi?^®h;^bd,< 

x > r ‘ril,-2.  *'■>  % y,,JV  v«.‘  ! - l'  . y / * L*  : 1 . 


the  equiv&  ientvregular  awaTeiUpproach;#'  #h4f-  the'VC9m|^i?dh  'pf ; 

■-  ’ ‘ - .'  / ^ ;,.,  —yj-  "//’:, o/'  •’  ' ....  /_  ' •'/,'l>--'  ■ «' 

instantaneous  stresses,  in  head  sbas ^and  in- tdh]|i<|u<a-^seas.  is-- . - 
alsp  gQod  'ior  the,;va^e  -bonMtiphs;';c0nsi4ered;».  : • '-* 

' 4 The  results  show  that  • th(§  ,exi;sti^^^^  anaiytieal;  tools 


iox  predictingr  : 

suitable  to  esseshr^hO  p&1&$ ?:* -' 

•All  the.  •t^asured-nh4;Os|euiatf4;?h4i4^fi‘t4^' ^io|se,s  a %Q..oi;_ 
low  magnii;3Mt>.^h4\'hO.'-%difie#tipnS^t;o  ;th^-Wehfhfe  'huli^v; 

f irdet  strf ugfth:  gt^jid^rd  '%%&■-  doomed  ^®4oss| ■-  - • & ' \ '.  > . ;-• 


*-  -4^  - *£,  <c; . ^r.  v*a  7, 

t c‘-  ■»-  1 ',  '1/  » * *-  , . i <•  V.^  * 1 5 v,  “■  * •>•<&*!&"'  'V*5^-  :/!«V  «'* <£7  ''Jj*.  ■»  *oV \ ,AiaL*txC~  j V*  * ‘*‘^'4  ■ ••* *'*.  V ^ > --  »_’’««  5 ‘ i>  -^-yt’  jf  * i.  * 

:>v.};'  ■ *:-4^  ;t  1 ..*» 

’V>  Jv*  f\5  , /,  ''  1 ,‘''\  •’>!  ",  ^ !**'yJ,,v'*'-,y4i,C  ,<*'/’  >’  ■''^'T'jV  _ / *?-  1,  - ~'fr  i s 

;,v’“  '’-  ■'  1 «?  „."  *-,■'■  “ts,  1 ''"'^'"£  ,'•  ‘ 'V.”  '-'-^ '.V»  1 T,.  .J>  *•**  ‘-X-iwi  r ‘ ,/f1  '; 

’ -•  ■ • » -U  0 -•- - - %+\  ■ y>  >-C  . SPi,. ’!'**,•'(.•■».  '.'■ ■ . itvii  •.  J , - il.'CSfi  •■„-■»  Cr  ";’  .'v 


■ 1?  “ •<=  -C*  *-  jfe,  o.  t'J  -■  *-rv  r“‘  <J*  . *0  ' •>  -< 


tNVESTISATOR 


•.  'ep!#'R?LeT!^!EUNDtftGt^  f * v - 

'gfe;  'KTNGWRAilSBr-GdlCti::  ■ v " . 

• - ,"  ,c^ ' T”.  »'?>-'■  '”  ■”'  ^ ■%.  ’'\k  '«»'  ’V  ■\J:''‘.'^  - * . M-V'  - '•  v ,';,•*  >;.: 

1 :.*.'  ’%  ;*&  -*•  .•  r •'. ' £*‘  * ’’  ’ .*.'  .,.  ,ryC'''-''  , V'-  >”  - « v/;«-  . 1 ,- ,.,.  i:A  . ■» " ,* 

. OBJECTIVE: • •jy^.v^.X .*  ':  ' ■.-■ 

. ■'  0 ' ?r/,  , 

>,  •/,;  V.-;T;  ’•’’ v ‘ . ;^->V’';:.  vV’t'-r.’1  •"  -' ' 

use-.of>  curre^n»ebhc>a&  p| -^U^yrai; ^ly|ii^- ^ 


developnfeM  of  v .../ 

"'•'  *■-.  " r ;--i., ;■*,  ^’.;,  "-'  Tr^’J7  ^ ’ “ ..•■'■  ’;\;.\  .-Vv,  ''KK''';'’  ^ " " - ' - 


use.  by  a critical  evaluation  6 . ..,,,,  ;. ....... . 

rv  ■ . '-•  •■  ; ;■  ■:■:-<  ' v ■•  ■■"  -.v*  ':h''.r^  * •♦>“?  ^•/.■J.'.v  • ■ - . 

applic^bl.er  s^4c^4rai,;analyse?:;yy^  -V;  ^ ■ ; --.: 

‘.v(v  -' -.V"  ’ ;'../-V.*  *”'■  >-*•>•,  ^?.\-‘.*f’.  V ^ '-v  " >-'  , 

s-^\  fj'.;  .■  / 

r'  :i'  '-S*  V ^ ': ;.‘ r: ''-; 


'r 


: v i i . ..> 


structural  ah^ly sis  cf  cbllisipn 

the  Rosenblatt  method,  (2)  e^tensiph  of  Minorsky *s  h 


energy  method  into  the  lcw-e herg^  - rangpr  «^i4y(31  .the:  v^%| 


element  methpd  . The  Rpsenblc^t  ^thpd:'  ts  ; aya&lpbie  inpwu-a;^  - 
• would, bevtllP''  |p^st  <[ -S  '-</~ 

finite-element  ■ method  .approaches:  the;ideaii .Spi^t ipn:  but  at  ^ 

too  high  ’4  price--  for  : 5 - ' 

extension  of  Minprsky^s  ,methpi  tp;  the  Ipy-energy  range  cpUld 

«§14  .bp.- the:  ,#-;4^  ’"'" " 

limitations^ ^ ot  the-.gpspnbl^tt.  ffe'%tiVe%  IpW- 

co^t  by  coni|%ri,spn.  with,  the  fibite^eie^ht  -i^t^bd-' ;;  •:  .; 


- ' t,  - fx4rZ.  1 ;-;fM  'l-  '-'-tX  *3."  ■ * ' ' •*  - 

» V-;'/  ...  -•  \ ^ ■? -.:vSxvo.v;.??  ' {*‘-*-4 

■ • -X- ' : '*-vTv  >C:  •'•  4 XvX'$uiJ.X*  y r-,-\  ^ ' 

X--  X-'X"  r XX  ■■:  .;X  VX *jg?s .-•  '<hf? X XXtXvX  »*X  - 

■ — * ,’  M > ' „VW-"*  * . „ * . •/?«V>,  j-  £„'  - 4 , » : ^1,  « J V'  a ‘■C  _«**$■  TV*  ,-Z'  - )■>  - ’ 

■ ■ x * :.;  ?-v, tX^X^rrxyxxxxXx  ,: 

, . .--•  “»•*?>  r*  ''  ’XXX  a ^ ‘5'.,  '*■  VY  *:  .*<-'/“  * 'V.V*  * XS-  - x ,-X-  - 

i »•  * _ - > - . •* ^ *•?  ^'^'o  y -,'v,''»v^  h.  vs  • - J p ^ ,'i  „ ,, 


PROJECT 


RATIONAI.;^Ml^ 


contractor;  x.x:- ■ ,. 

■ ■'  XX  T ; ;.X-Y/  /*3fc4&>'* 

cpNT^t.jp&i^:;:  '^0^fc8y-:-''x  - :,  * 

^ssg--^ns-,rangE;^goai^X:'-?--  De&i^iWethbds^  . > 

mmm  • ./:  . . ' ^'-S^ , 

’"  " ' ^ «-’  4 W :,X  ;">>  ' • ; . ;j'  -<  ’X‘.  ' ..  v>'Vt  .-.  V ’ 'XX  ' ’*'w  ?.$  ,':‘'i  '' 

effect  that  ivafyirtf.  ship  ^ C-:  r.-  ‘ 

J Bendini^  t * "It®;”  ,' 


.effect? 


BgSULTS 


•*  * *■  v-'>'  '^''^'f'.v;  ! •,','!i>.''^  •■’'  - -i <*  /‘y  *"..  v " >/■  V<’.'  i;1'  ‘•’ 

.,  - A . •.  .*.  I . , - \ , -.!  1 '.  :•.-  t-  ~:  A '■  -,V'y  * "il  ,.!  vv."X  •" 

' ' ’With  the:  ^flexihffitv  of  thfe  ship  is.  hull  fepres^hfeed''"  - - 


With  the.  -‘f lexibf li't-y  ;of  ;:th§-  .ship «,s.:huli  f e^r esilh^^;;:; ' ’• 

• ' ‘ J • X 'v  "•“’-•♦•'.v  .;>i, " ,*'.•  , - t . ^'V-'  %-•’.'■• " 5< . ■'?$'■•  -'i1  ,.wVX^o’/^X  •', 

by.'  the  natural  f requericy  of  the  shily'-associat^d- jdth:-  f 
two^node?  . v _ 

’ - , „ V,*t/  - »-  -J1  ' -*v  ",  4*  f,  _*  ; 3 . *x  ,.'■  ,, .*  ^ * >>  H'  „ jiV  *_  * 

f lexibiiitv  and  bendino  moment -has  .beett'iestahlisKedX^':''-?  'v;'-V : “ ■ 


,4  ; ,r  4 ■ 

'.  1.  ' / ' ' ' ',  _‘c  ' 

^ -•  -r. . -■  . . 


" ' ■/•■-'•;>,  ; ^.v.-  y.~-  <■■-.- 

e f feet's  on  hydrodyhaiisic  damping  and  fofcea'  -as?  •■«ef|,  aS:  hjfiv:' - 


.'  -'%  more  accurate  «ie 


'>-'••  W/V-V^Jlr  r J-  A- 


state-of-tl 

V'<-  ';;  ^ 


is  regjiired  and:-dahv?bei.-.dle.vei  ^drwifftpixthe^efate^bf^the-aff' 

,,  rf,  - v-.  ■ . - -r,  ‘- 1?^'-’ ■/;  X'X:.'  J‘'v  *-•••  ,4vX  s .-  * -V  - 

of  the  current  theories  of  hydrodynamics  and  structural  ^ ^ 

•'■  -•  . ■•_  ;l  XV:  X...Xt  T ^^T'-  -.-X; ; - 

,'y''  -*  '■y:  ' * - - v O-  '*v.*  1-  *'^'“  t 

mechanics.  ; X.  > .- • -X^-  > XX  ’ X . ^ - ':X;  ^X.  • :'-,  -.-  ■ 


■-.S’  'X'fX- 


-'•  - - • ^ 


■'  From  the^fe'shitStvobtai|ie^:;iiK^hi;s^§fndy^';.thef^'iiay‘' 

- - -4>  yt-  . -vr/  _ - . X , ' _•  ' y.2*-  ’’  ->• 

-exist  an  optimal  flexibility  fdr  ey^fy  ship.,  bat  there  is 


not  i 


ariiy  a iimit  to  the  flexi 


'tw ■ -■-T’  •„*< . *2' ’ "v")  ^ * *y,  "' ''’~~f. '"** 

^ -;:  •■  yyw  <>. ' .:;,t 


ViBftAlrioN  iNfaqai, 


•<I6sWgtor1v:  •- - 

- . • ;; ' ; i=; .yy  > - - : , -:  * ■ **  h,\^;  a,  ;,  ^v;y  > .•? 

ACTiVAKOK'  $ATE:V-  y . - .'4  '•■Tel^uaEy::'rtwvi?W'V:  ***  y ..*  * - - •.  n Cit.r;  - • ■ 
CONTRACT ^FUNDING:  -'V-  3$.'  >.v-.  :-  vV*:  ,'.  . /y*%  >.-v 

4M^j^MNG6\G'Sl^r--^^  .^.ytoatsyC^i-terla;  y "•  •■ -;■  ?s. v o 
^ y%  y ' s:3- , >*v  ."',..t^,Vr4rN;  ..nv:4-vv:;  yy>  •••  . ':V:»  - 

^ ' tV  } V ' ’ ‘.  pyK:  ***$+  y v'-'  •*'** 1 ^ t v ; *r  ^ ^ - 

r ‘y  ’ , . ‘4>  • , ‘^v -•  *'  - /,  ‘ *'”'  \>*  .'  " J ’■  -1  <jv.v  { \ \* , ;>  -j"'  * ‘1  ■ 

yV-'T'  “i- 

’,“  p ■'•»,'ly  . .c;”;*,-,’’  '-;y  •’  -■  "'i,  Vy  «p'"  •<;'/%.  y t>  '"•’••,■<■'  y s;,  ^ /,■“> 

prGcedux^8"^nt?^ded:  '<^  a^valdi  vibration  ^problems  for  >9acK; , p * w 


^4>?vty\y  ' 

vJS*  • ' J'--'  ..  -> 


itTiral-elifemerifeS: 


pahels>  deeji  web  supporting  -aiid'^tihe^htbMp,;  '• 

' . yV“-  .■'  •.  . yy’  ■ .\y  ’ y/  ■■•' ' '^: y ‘.; . 'XT.  ^’y^' ' 

iaheX^y.'4-;”y-y -y  yy.  - ' y V: .*‘X;:  -'- v " ' 
■V--  ,.  yv.^yy-yrt;*  •;•  .v-.'"‘;,  .:v-,t;:v*;^.r':^  •',  ■ : - ;. yy. 1 ;:-  -•*  r. 
mm$,:  >,;,y  :£■>;,  :?r  ,.  , ' t- ' ;#-:'  ‘\)i ; '.  , .; 

> ■?-  , '.V  y"''i  ' v ’■  ■■<■■'..■  4 •■  , «•';.■•  • • ,.  ':;  c V " '| 


defined  in;  'si;X;' desigii';jg)ftas.esi,,  ,-:|-j':  ,Spepifi;cattionsv  2)  l~\  *-/' 
*..•  . -:  -,y  4,*”*  “*>  ’■  1 y • 'y.---'-  :'v  ■'...  --  - . 

Pre^winairy  HydrodynaraicS#^  3)  Finalv  Hydrodynamics,  #5)  Ship 

' '-  ^ f ~ ^ ^ «:  / ' <r  \ -1^+.  r - . v'j  ' • 

- * - ryx-  r . • '-✓•**'■'  4 ^ V v '•'  ' .V,  , ' **■  /■  . * “-.  . ' ' ; f , J,.  ,,  ' 

S ubst rupture , 5),  Complete  Ship  Structure,  and  ,6)  Test  arid  •> 


work  to: 

'"'  .-  ,V,.  "'/  ’.  ■ y g-'.V  1 .”  .-. "u'*'  y :<p  _ 4:  - ■ePso,  4 * •.'  Pt4'  ■ !'  / .. 


- r-  • • y ♦ 'am,  the  ship's; ; - 

stern,  form  to  the  wake  and  its  yariationiSV  and  the.  wake  Shd 
wake ’ v^riatidns  to  ;the;  propeMer-  'fprees^,  huii  prehsurs  . > V ' ;% 
f or ces>  a hd  pr opel  ie  r cayitat iphi  y - . *r  l " ' \ '■  f.  . ."  ' 

ow ^th§  hpWihai'^dJce" MS'trik^tis^rSv.''--' *''w ' /:H.y  ;'--  v?/.  .-V' 

-.  ";;>.#•  ; iReiine  anaiytxdaii.  methods  to  predict  huil  - 

•pressures  cau.sjedr:hy’  cavit^tiohw'  :-  \ r>  . •-  y-'-.  -. 

• '; , ..  dy  -Estahiish  iguideiine's  for  the  acceptability  of  - 
■prqpei4,er^ge,het§ted  4urceg  aiid  ..pxkssxiz&M; ^tpon. -gross 


■':4#-  ’ improve  pre.dictiori  techniques  for  both  the 
pf Qpe3 ier^g.eherateo  forces  and  the  response  of  til#  rudder. 


, ^ „ - . i - 4- / _•  **■(.■  v’  * 1 '*7'  " ,,v  *■"  '-  j *S'"* . *■  . j -a. 

v *,?  ' -tt  " f ^ I?- y >p  ,vvVf,'j  ^ * -p 5 - jt- -'rrj- zjo-  -jtf ;s ~ , ' . =■  v,'  - - 

* - " £’  -f  >"  t ^ \ '*f„ ££ * - - ^ p * y^k^'^r.; - ' 'x^  { 1 *5/7  *7-  ■';'  * ^ \ ‘ . 

=£f  £££?  - 


project  Sqs 

''Tr;E*'.^fe  ■ yjy-s 


JWfw****  v'-1 . "T.f,  r.\i'^-,z  w , 'v. -• 

■ ••■•-’-  . -•-'/•  *•  ^•'•■‘  - 

INVESTIGATOR:  ■ ,:  ' - • :- 

'; ^ v %•' -:  v-  , T -■ 

?«STIVRTlI)N  ?6SSfe.  '‘  , '" 

GONTRiCT  FUNDINGS  ' ;$4pOGO:,-7  ;'  ] ' '..  L7  -> 

,f  .'fc  ^ r ■;"' r-  ;- 

* *>  ' r _ ’ ’ ■ i?  - **  ’ <"k„l  7 - »'  WW  V-  ‘y/v^  3.  * / „ ,'£^.  v ')  - '$*1  , ‘iSjfe'h  .-gv'. ‘'+^r  - ' V»f, , V ^ . t J ', 

sHssms  - ■ '-'>j yyy:’V;- 

_ ^ '-.« A *'  * ’ t*  ' ,^  , *V»  iJv  j-v  *5-vP  v,  . ..  - y *.  ,v,o.  ^'iT^  .:  . . 


• >*  v-  \ 7u 


rooaif  icatioris  t?>  existing  •■  v4^o .® ^ ® . - ,/  ; 

. ■ •’  ’■  _ _ /»  y p :,  7y- -:y'—.y^V’£.u£,  7;y£;A '£'/>■  •,p''y  '?'’^;£  ■ '^  l’r -■ 

. -y  y:;t-  ’r-S'  >•>.-; . ; ’V/'t ■ :■  v-*'  •’•■ 

RESORTS  7p;jf.'p-:p^'v  v£  £ £‘‘;  £ 

. Ty  , , •--  :-  *•  V v,  ;"’ " -.^  :',,Vy£ -'.  i '\V.:|,  ;'■  - >;  " ,”  ' - - l.-": 

underwater.  Exiisting  equipn»eht  must  be  r?odif ied  for  • - ,.  l_/7 

underwater  application.-  ' 

and  ir.  fact,,  have  been  done,  b«b  I^dyatl^bie. 

' - " ::"  . ‘ '-V:-  £ ' - •£■  • ' . -r'X  Ly^:i^  ' v.£yv  v;.-.  vp :£/-;' A . . 
.coimerc^a:^*!^.!??^,  ££  P yy'£' ?,:tj  - : • 

. ; no: -underwater  jnethcd^  hke.^befen;  Jo^V«hich  ;'  > . ' : , 


the; 


■•f  v //7 


‘ "■>  i .>'i 


' '*J  £V  -'■ 
> 


-•  ij.  *>  '*  J ,*r.'  “ ',J  f . 
'5J.  '•  -*i  u rt 

V.ii/.  - CU> 
’ . »-.  <.  „ ' 


^■c 


-V  £>- 

' .'  %>*■  * 


■0/ 


■4?*'*  ^ y * / 


~ ' v • 


>r- 


-t»  ^ * v * ICC  ’- 


fi'ij  ^ v “ «,ji  J’ ' 

. ■>  < <*/  ' ■ 


>y.‘* 


t 


' *v?VA 


- yi7 
;V 


;y .,  £- 


_y^?-  yy 
.y  - . -, 


■y 


- * .jl  ’■v.  l-  > --c  „ - rr  „ 

H : <•;■:;>.•  . , .•>-  v^- 

t.  -;  % ?>v  ■'.••■*;  v 

j ~ -v*r  s --  >■  *•-  -*  t'.  - ;,/  - .«  H 


■ ■ ft  ,'W-  V ” , jf*J=  ' ■'  *»v-Jst'.  ! ‘v  •-'„-  -'  ■-*«  v!'  •'  , 

’ , vj.  - V',  -r  j//  w.Ji  - - * "it  ' ' ,v t,t",  »'jl*  S-’  i/V'-  - J /*■« ’’'■<»  ? ]! 

- " y lie--.  - '‘'--I, \-'<',j- 'v , - . t , "■W'i, * r * v ■ - i 


etfeMcs?  mo:  ' -• .?  si-  :.•  >-.? -• 


SHI?:  GOLIiiSION/jSTRANDING^ 


INVESTI^/y^OR:' 

Cdi|TRBLGTbR:f*'‘^"' ■'/:•; 

ACTIVATION  DATES 


Ht-SSST  « SATlf  fv*  ■ -it  >• 


' ' / ; ,«< 1 i,  <?  1 *> . ,'jg  /'-v;  - . ■ v \ " 

i l^ngrRaii^  Piauc^ng 


t*>j 1 s 'V'  >’  V 


^ *\;  ; * r-  ^ \ _y  s Vs  j,>;/  : -k,;v 

..'.  r^Jy /.' y* '- \ } >.*'.■•  '? y J,  ■'■  V & 'i' './. ,A'  i^'v,!..> 

,nK5nii,or":':pa'st  -ai^  'ciir ren^  -c olJiisitpn  - ' 

.•to.-  JMwi^  status-  Meja&xts. l;  .,_c  - 

- — * - rr  , y . ■ •'r  , ' "V-jr*  ~ - r,'"'  t - . .>-  t ~ _ >t  ” \.  - r — 

„ „■  , ^ -v  ' ,>;  ' «' , ;..  f,  4-,  V-  ^ ■ i 

a£  new  reports  and  riew  pro^raws  {on  rolateid  reseeurch,  „;'W. 


- *V  -jt  J k 


;;•'  \ • -:*  - ;.-i 
; v . ’ v - ■* 


projects.,,  ; >-:hs;’l  f ’"»?  \ 

m mum  . • V i>* ;>yM v/V .v-^ .^,i:.>c. .,  ^.-^<-7 

«L ' • •-  J V-  „ C.tsl'u'  .{  v*V  * . • -'  * . . ‘-,J 

« "£  >A ’ iAr^e'-nu^t^Ot' -articles  -.- 

various  aspects  Of  the-structutai  strength,  -of;  ships  during  - 
collisions  out  very  £ew  appear  on  the  ship  grpunding  -; iv 
problem-.  Little  'experimental  -data  ?are  a yaiiable  to  reveal 
various  features  of  the  buqjclingr  and  postthuckling  behavipr> 
constitutive : equations*  _.  stress.,  rate- effects:*.,  ahd  f rapture  . 
n^shanisr«9  in  cpllisxOpp.  An  exact  nuirterical  solution  of 
the  actual  ship  collision  problhnv  is<  not  npv?  possible. 
Approximate  methods  idealize  the  structures  as  a collection 
Of  slmplp;  cpgippnentf  ;vfith  'a.  ^hp^;.-str-udtufaC:r®.^hf%\’’  %$■ 
methods  examined  are  too.  time-consuming  and  exfPhsiV©  for 
preliminary  design,  but  would  probabiy  fep.jsore  suitable 
• the  filial  design.  hfa#e4  ; -f  ’•'- • • ';. " . y •;>•  -*  - 1 " - 


A—  » i**  1 '*  **  i * ,5  r /-A  V ( . “->'*  , *\,'  . ll,1^*'  C r .»  yk  £>A  .•»*  V' k.  s.  / *••  i * . ~ 

j ; •:/ ::fi: ^yy  fsug'*5 vYrZ  ;',e "'-\v- • vl -; 

w ~ , - - a-v,  -v  V.v  ^ ,-•>*;>•,  •:  a .% .-  :k «-•. 


PROJECT  fe:  . 
PRO  JEGT’ •TIT£E2 . 

- ~ ' hr-*  '"  j,  ' 

INVESTIGATOR: 
CONTRACTOR:  >> 


ACTIVATION  DA^Et-  ,-  :>■  .*:  • .yAv^,#r-y  $y>-«  ■?-  '■' 

CONTRACT  FUNDING:  • 7 '..  I ' yM  ■ -:  $>*>• .;?•*'&. ■ 

S«3C  LONG-RAESE  GOAL:  :vFabrlcAt;iortv«c^T^^A.v  : Z ; T < tV- • 

••  ' - ‘ ‘v.' i*;  ;+V''-V..<^v'1'*  ':.,‘V../  '^.*.::>7“  •*■>**'•*  *•£>■* '■.' ■ 

OBJECTIVE  :••.  . ;-.  v-  -'.^.'v-,  v ;••  VZ  V;  * ■ •#- 

” 'V . *.  • 4 .V  -’»  ;•;  ■.’•'.•■•*.•':•  *>V  <> >•./;,  •'  '■:  - 

■■  ^ • v . The  ;6bj  ective  of  this  s|udy'';1was:  to  "recoc  siond  J .«••.  - 

updatediillet  weId;yegMtrfeiqight3»^r,  doittestlbZshlp'  • .‘Zr»  >:  -*  •:.  / •_ : 

- -/  ■ ■•-•'.  - -"-.v.-  • ■.  ■ <?.-•’  - ,*j  / y\  .•  .*>/, ' 

a ppl  ica tionx  by,  reviewii^  the  dtyelopnjeiit .,  df'Surrent  M£W&-'  H 

;.,,-;C,  » ••  :iiV“  ■>-/''  Z • •-v;,aV  - ^*.1:’'.-^  •->, 

f illet  weld  regttir.erten.ts>  and  available  t^sb  data,  [<->*  ■ 

msm  . v, ' r 

• •-  The^- ;rcview;  of  :ho^\,fiiIet;'  weldZ^e^it^jnehte; --were  ■ 


developed  was  tonproductive.  , :-;Cpmparir'^nn9'  ^aiaong  -.fi'iiet  ycM- 
si2e  ' xequitei^nts?p£^wa|dpV8-:iCla'ssificatdp^  -societiee''  ;aiid.'; 


regulatory  bodies  ‘revealed  a-:  yati’atipftk'as: ^ lar ge^As'  *a ' factor 


- V t'.iv ' - : t ’ ' w . " ^ , V*  ^ 

. ; \ ^ /s  - ‘ - . v - "^7,  j; 


Of  twey  ■ An  existing-fiiiite  'Oieoettyco^pufeet# am^-0< 
•.modified  to  analyze  the  behavior  of  tilllOt  Woldsir 


Variations  in  fii; 


gap  were 


under  a simple  load  oondltipn  to  .dej|on§trate  ;the  method*  \Z 

- - — * - -i  * ' 7 .O;  » c*?V-  ^ ' J' 

Future  i?pj^  should  , V. 


to  various  struct u 


by  location  in  -tiK*  ship,  type  40^:  idOOtiorv  .of  - ^embtrs  ' 

and  nature  Of  lt>adii|g»/  .-f—  ■ . 

requirements  will  indicate  the  feasil?iiity  or  not  of  Z • * 


: sites*...: 


• /'^-  .•--’if'  . ■#"*  ■ ’ <■  , Vs  ^ 4 ' 

. 5^  V- v,  ••«  v 

• r;'7’^  V-  •-  & ;:,iv/.v 

. - ■ \ - .y. . .>:■■#’•' r-  ' v“  J.Ur - , V-‘  ; .;*■ !'  "7' 


PROJECT 

PROJECT 


• V"  : • •?»  5 --  v-  ,;  r v ..  / <►«*,.:  * c .*  >.■  .-j5r, 

v"-°..-':'  '.•  >./'*'  ,".V  -J_-.  i •-  ’■  •,  ■ 

•V  /'/• ; 4. .< . s ?i  oqu  y*;.:  ;*?  - .*&  ^ £ ~ ';  '-yi 

s • • «„•*'  *V(=f -'■  /J’  . ' -’  ”>  J1-*  •>  ~v  '.V* 

-r  . J r-.  * 'f:  *-  ;N  ->H  - ' " '^fr  5J  '■  V /.'A  r 

? ''v  v.#wt  - ^ *r*  **/»<■  - *''■***  ' * V 


investigator:  • -/ ' ^^^^i^iytCriscuolO;.  y;  L '•'  -.nv  v ', 

CONTRACTOR;  ''••<  ; Oenter;^  Whltie  << 

, '. . ' -:v  . ' . • • ."-.r ‘ •"  \ j*  • ' ,' ' 

ACTIVATION  DATES;  V ^ .December ^^T6r:‘  . >\f : ‘f.-v 


•wv  ^ 


-I,' V^LfSi 


QMESIIVE  ;•  . V;.-v*;-v;V.'  ' ■'  '• 

*-  ■*“  * ' ’ ' ' 'j  * v ‘i>  ' ^ V O \ * * . <*s  *<  . tlV  ' ' ;■»/  , • ' *-V  , 

. K , ' • A J ' - IV  ' J ' i , * f I ^ v,  • . ' ' Sli 

- . u.--.  , .*  •*  ',  ,-^'o  '•.  , ..■  . -.- . i,;  ?,v  j <?.  • 

•Jt:  <■  The 


■*■■• . ■'  • 


r l The  bb'jeptlim>d^'':*th9^at\;dy'i#Asv''t6t/d^^nitnfe/^'whet'hei?' 

• ' , ‘ iv.  **  . -■  ;'V;  V'  Q j°.  o*.  ; v «■  ; ' CA\  "'''l 


building  structiirai  weld8  6f  webs  a^d  viongitudinals  have 
been  •survey.#d*.-A  > c;:v-  * ' V"  '->>v  Y"-,  ' 


E»l 


-v  „ '-v 


,.>r  V^sf.T'-v 

„ , s V -J".  -'  - 

3.  -v  irfl-1*'  - T 


V;-  v..** *.$$$%'  frn  extehsive  seiardhy  Of  ship  -casualty  reports, 

, °;y  ;■  -;■ ic‘  . -. -=-'  'V*;'  ,f'v  ' ;-  v ' ■s,'  -'"  . :.;. - ' ' ■<,/-■.  ■ 

a re yie^of  „•  Availabio:- ‘radiographs;,-  a-  sur:yey':,oit  roajoi  - f >Vv 

, ’ ' ' * \~  »’•  ' if  «f  " J * ^ ^ ‘ ^ ^ v.  , '4;**  ' , 4#i  ' » ''><  ' “ - ‘* 

shipyardsf  and  discussions  ^ith  proadnent,  -»iavaT-  ,arghitectsy.  - 


guidelines,  for  a sWp|s  >1008  and  Ipngi^udipisis  f heeded. 


J:.-^  • ■■■-.- 


'■/  , . ;>  - v ; .y,  ^ ...£•  •;  - 'V:'v 

f '■'  -Tvs-"*  "V  ’ ’’v’.-.: 

, • ■ . ' V ‘>  ' ‘i;  -<■  '^.  ' i './•*.<»  ' ~ . 

*•  ' ' j-  *-4;--  *.  ''iS?  -*f  '%??■  ■■ r“ -"’  4* 1. - v ^ , •-■• 


■ ' ,-  >y  ' -v?.  v /- 

- -■  V -;-  , ^,.  < ;vk-  -a  >’*■ . 


/t,  ■ , . , 


: - <r  , - ^ r~  ' v /?V'-  . 

-*  'vV’  C ‘ ^ v 

..  :;-v:-V  -.  - S.isr-*..y  • *-• 


*-  ^ ^ "*V-»  r 

V;.- 


. *v.  _>  k „ * « »k“l,  , > , ■»  v'  'i-X  ‘■Z  -*  ' .*  J"  1 ' I,  *'  »--•.  'V"  *•»,'  , * '>v„  /”  , ^ l .''l1-,#  , '*©  »>  ' ' *r 

, ' , ■ '*  '*  < 1 ? ' -v,'/, . rs  IV^'V < "'?  '~t ' -,’7-v  - '■v  / '^vv  1 " *■  t ’T-s’/-"/  r x •-<;*/  ,'f*.44*^'-f'  - * , 1 

1'  ' V': 

"■  ' ; ’ 'v.V‘i  ‘;r  ^Tiftr  •$K'‘^'<{',  j,j'  *,  . '^7'*  ; ,--  .lit*  "'' 'J'-','^’'".'. 

.'V.  ^ '»  $>*  '”  , „£  * <*',  - ?'•.'*  re^-“3/fv,  £,«►  > v-’  -jf'r  *.  as* -.  » v _>i,  ja.  ■•',  ’ ' ; t,  ,i 

- 'j  ? - • • y--&r^  ■<-*■ ,-  -H 7 • 

. ••  • ' - '*'-  Xi  'X,-,'..^.-'^  -tv  , - j,  ; j .’>'  -*'.  ■ -X  V >*  -\  *f\--V  ' .#  , 

• C*t'  \ v'  .*,vi  Y^V'  r,,V  ^.V' <v  p /'  ^'.i  ■ '^!'r  ^ ^ ,^'"-3*  '*,  £,  '7 

PROJECT  WsT  1 ' .•*■’ SRrilSO  •■-='>•; ,^  4K  \ i'V.il%vV',:V’.  ' ^vl. 


• INVESTIGATPR:;  ' 

»n.,<  v-MayiiN  v?  «»v>  * ' ,vv*'  i 

CONTRACTOR:  ^ . :, 
ALCTI^V^ON^AtE: 


SIGNIFICANCE  AND  CONTROL. OF  LAMELLA 
TEARING  OF.  STEEL  I jATE  IN  THE  SHIP- 

:WmNG»DU«Yr.;:;  ^ ^ >v 


t\  *'*, *’*''.  ) •*  ’'>  {>. 

■■  i.* 


Gibbs:  i'-  Cox^  -NfeV;  'Y5rk>  t*X-  / ^ ^', 

Vfetiif.’.  • if » •••<' , s~,  i *'.■*.  ■-  J ■”  . -.  '«>:  : 


■tf« » -rf  7 -c,  >’ 


<c6n®^’ct/.f®inG'?:  * v-;  ■’  •;  t-J?  - 

SSC  ^LONG-RANGE  ‘.GOAL:-  \:'^abri:cAti^hy^h  / - ^.-'y  :V“ 


Z\: ' ' ' t “ ''  7 \ , t T ' " ^ 1 V'f  ' J-'  "'  - ^ ^ -V  a*  ',•<  ,/  *’  l 

1 V ‘ ' The  objectiy^  o|  this,  study  to^feparfe  f y-  -V 

; ■*.  , ' '\  ■ ' ■ ’;  i,  ,,  • ■•.  _ -'•  ^ 0%  • V 1 ='4i 


in  .ship-  structures  nsing  steels  up  to  IpO  lc«i-  yifta.  strength 

tpw& ) ■ :; ..";  V;  • ; = ; f' ' A ; ; '..;  - \; ' ■ l- ^ . ' * * ,; 1 } U ;r:v 

' awaiting  approvals  to  use  sonie  copyrightea  uaterial.  The 
report  contains  the  ’ fQiilowing  sections:  ^ ,.  >•'  • 


f..  introduction 


. vi''. 


3,  Factors  Contributing  ..to  Lamellar  Tearing  • 
g,  -•;';Cfe'c,uriencO  of  iainsell.ar-  Tearing-  --  ,% 


• ' 6.  Control:  -o£  Lamejiar  ^a'tihg  ' • 

<.  ^ y ' ,’•  . •>  tTS‘  ■ * .»  i ■ - - ... 

f>i  - . - - -,9,  ' \2‘ 

' 7.  Detection  and  Repair  of  Laipell^r 

■ |?eiding  •---•  ' ' • '/; ' y "... 


8, . 'c  Tests 


Steel  Plates 


-9 Bibiiogfaphy -, : , 


1.  Report  No. 


2.  Government  Accession  N»  . 


Technicol  Report  Documentation  Poqe 

3.  Recipient's  Cotolog  No. 


4.  Ti tie  ond  Subtitle 

REVIEW  AND  RECOMMENDATIONS  FOR  THE  INTERAGENCY 
SHIP  STRUCTURE  COMMITTEE'S  FISCAL  1980  RESEARCH 
-P-RQGR-AM- 

/.  Author's) 


5.  Report  Date 

March.  1979 


6.  Performing  Orgoni zotion  Code 


8.  Performing  Organization  Report  No. 


9.  Performing  Organization  Name  and  Address 

Ship  Research  Committee 
National  Academy  of  Sciences 
2101  Constitution  Avenue 
Washington,  D.C.  ,20418 


10  Work  Unit  No,  (TRAIS) 


11.  Contract  or  Gront  No. 

D0T-CG-80356-A 


12.  Sponsoring  Agency  Name  ond  Address 


Commandant  (G-DST) 

U.S.  Coas.t  Guard  Headquarters 
Qffi.ee  of  Research  and  Development 
Washington,  D.C.  20590 


13.  Type  of  Report  and  Period  Covered 


Final  Report 


14  Sponsoring  Agency  Code 

* G-DST-2 


15.  Supp lementory  Note s 


16  Abstract 


V 

""'The  Ship  Research  Committee  (SRC)  of  the  National  Research  Council  provides 
technical  services  covering  program  recommendations,  proposal  evaluations  and  project 
advice  to  the  interagency  Ship  Structure  Committee  (SSC),  composed  of  representatives 
from  the  U.S.  Coast  Guard,  the  Naval  Sea  Systems  Command,  the  Military  Sealift 
Command,  the  Maritime  Administration,  the  American  Bureau  of  Shipping  and  the  U.S. 
Geological  Survey.  This  arrangement  requires  continuing  interaction  among  the  SRC, 
the  SSC,  the  contracting  agency  and  the  project  investigators  to  assure  an  effective 
program  to  improve  ship  hull  structures  through  an  extension  of  knowledge  of 
materials,  fabrication  methods,  static  and  dynamic  loading  and  response,  and  methods 
of  analysis  and  design.  This  report  contains  the  Ship  Research  Committee's 
recommended  research  program  for  five  years,  FY  1979  - 1983.  with  11  specific 
prospectuses  from  which  to  select  projects  for  FY  1980.  Also  included  is  a brief 
review  of  24  active  and  12  recently  completed  projects.  K 


17  Key  Words 

18.  D«st,ibution  Statement 

Document  is  available  to  the  public 
through  the  National  Technical 

Information  Service,  Springfield, 

VA  22161 

19.  Security  Clasnf.  (of  ibis  report)  20.  Security  Classtf.  (of  this  page)  21*  No.  of  Pages 

UNCLASSIFIED  UNCLASSIFFD  101 

22.  Price 

Form  DOT  F 1700.7  (8-72; 


Reproduct-on  of  completed  page  authorised 


